Acta mineralogica-petrographica : Tomus XLIII. by unknown
ACTA UNIVERSITATIS SZEGEDIENSIS 
Rc.i/ ACTA 
'< I. MINERALOGICA-PETROGRAPHICA 
T o m u s X L I I I Szeged, 2002 
Published by the Department of Mineralogy, Geochemistry and Petrology, University of Szeged 
IKJCXJ ' 
established in 1922 
j ^ H U ISSN 0365-8066 
Editor-in-Chief 
Tibor Szederkényi 








Hungarian Natural History Museum, Budapest, 
Hungary 
Csaba Szabó 
Laboratory for Geochemical Research, Hungarian Eötvös Loránd University, Budapest, Hungary 
Academy of Sciences, Budapest, Hungary 
Magdolna Hetényi 
University of Szeged, Szeged, Hungary 
Péter Árkai 
György Buda 
Eötvös Loránd University, Budapest, Hungary 
Imre Kubovics 
Gyula Szöőr 
University of Debrecen, Debrecen, Hungary 
István Viczián 
Eötvös Loránd University, Budapest, Hungary Hungarian Institute of Geology, Budapest, Hungary 
Tibor Zelenka 
Hungarian Geological Survey, Budapest, Hungary 
Abbreviated title: 
Âcta Minerat. Petrogr., Szeged 
The Acta Mineralogica-Petrographica is published by the Department of Mineralogy, 
Geochemistry and Petrology, University of Szeged 
On the cover: SEM image of zircon crystal from granite, Battonya Unit (Sample 1610, Mezőhegyes-19 
borehole)(see Pál-Molnár and Kovács, pp. 65-69) 
Designed by: Elemér Pál-Molnár & György Sipos í 
Acta Mineralogica-Petrographica, Szeged 2002, Vol. 43, pp. 1-18 
1 1 \ 
Mineralogica 
Petrograpnica 
ROCK-FORMING MINERALS OF ALKALINE VOLCANIC SERIES ASSOCIATED WITH 
THE CHEB-DOMAZLICE GRABEN, WEST BOHEMIA 
J . U L R Y C H 1 , J . K . N Ó V Á K 1 , F . E . L L O Y D 2 , K . B A L O G H 3 , G Y . B U D A 4 
1 Institute of Geology, Academy of Sciences of the Czech Republic, CZ-165 02 Praha 6, Rozvojová 135, Czech Republic 
2 
University of Reading, Reading R G 6 6AB, Whiteknights, United Kingdom 
3 *> Institute of Nuclear Research, Hungarian Academy of Sciences, H-4026 Debrecen, Bem tér 18/C, Hungary. 
4 ' f 3 
Department of Mineralogy, Eötvös Loránd University, H - l 117 Budapest , Pázmány Péter sétány 1/C, H u n g a r y 
ABSTRACT 
The Middle to Late Miocene intraplate alkaline volcanism of W Bohemia is associated with the uplift of the NE flank of the Cheb-Domazlice 
Graben. Two coexisting oogenetic volcanic series have been recognised: (i) weakly alkaline series basanite - trachybasalt - (basaltic) 
trachyandesite - trachyte - rhyolite (15.9-11.4 Ma) and (ii) strongly alkaline series olivine nephelinite - tephrite (16.5-8.3 Ma). The 
chemistry of the minerals characteristically reflects the differentiation development of the above rock series. Early crystallization in the mafic 
rocks is manifested by olivine phenocrysts (Fo66„76), melilite, Ti-magnetite and (Ti,Fe3+)-diopside to fassaite; in the intermediate rocks by 
diopside; and in the felsic rocks by (Mn,Ti)-magnetite, diopside, and high-temperature K-oligoclase (phenocryst cores). Continuing to late 
crystallisation in mafic to intermediate rocks is represented by kaersutite, nepheline (at T <700"C; also occurs with melilite in ijolite 
pegmatoidal segregations) and labradorite to andcsine, with K-andesine to K-oligoclase rims in transitional rocks. In the felsic compositions, 
ongoing crystallisation is characterised by Mn-magnesioriebeckite, Mn-winchite and Mg-biotite; feldspars are prevalently anorthoclase 
(perthite), which occasionally mantles K-oligoclase and is succeeded by Na-sanidine (matrix or rare rims to anorthoclase phenocrysts). 
Feldspars and quartz in the matrix of the felsic rocks terminate crystallization. Late magmatic minerals are analcime, replacing plagioclase 
and nepheline, carbonates and barite in the mafic rocks. Mn-oxyhydroxide, nontronite, rare sulphur and organic matter reflect crystallization 
in the postmagmatic stage. 
ABBREVIATIONS USED IN THE TEXT: 
C D G - Cheb-Domazl ice Graben 
W A S - weakly alkaline series associated with the Cheb-
Domazl ice Graben 
SAS - strongly alkaline series associated with the Cheb-
Domazl ice Graben 
INTRODUCTION 
The Cenozoic alkaline volcanism of the Bohemian Massif 
is an integral part of the Central European Volcanic 
Province, which extends f rom France to Germany, Czech 
Republic and Poland (Wimmenauer , 1974). It is a surface 
manifestation of a large, sheet-like region of up welling 
found in the upper mantle f rom the eastern Atlantic Ocean to 
central Europe and the western Mediterranean (sensu 
Hoernle et al., 1995). 
Contrasting associations of weakly alkaline (silica 
undersaturated to oversaturated) and strongly alkaline 
(undersaturated) magmatic series are known f rom many 
continental intraplate volcanic provinces (Wilson et al., 
1995). Alkaline magmas may fol low simultaneously either a 
silica saturated to oversaturated differentiation trend 
(rhyolites, Q-trachytes), or an undersaturated one (phonolite), 
reflecting the individual differences in chemistry of the 
primary magma (Foland et al., 1993). However , assimilation-
fractional crystallisation processes, centred in the lower-crust 
magma chamber, play the decisive role in the development of 
both series, but especially of W A S (Wilson et al., 1995). 
Similar alkaline rocks series are known f rom Siebengebirge 
(Vieten et al., 1988), Westerwald (Schreiber et al., 1999), 
Hocheifel (Huckenholz and Biichel, 1988) and in particular 
f rom Cantal, Massif Central (Downes, 1989; Wilson et al., 
1995) within the Cenozoic European Volcanic Province. The 
Euganean Magmat i c Complex in the hinterland of the 
Alpine Orogen also reveals geochemical similarit ies in 
particular in felsic members of the rock series (Milani et al., 
1999). 
GEOLOGICAL SETTING 
Cenozoic volcanism in W Bohemia is associated with the 
uplifted northeastern f lank of the young C D G ( N N W - S S E 
striking, 150 km long and 5-10 km wide) formed by the 
Tepelska vrchovina Highland and Slavkovsky les Mts . T h e 
E N E - W S W trending Ohre Graben occurring to the north is 
limited by the CDG. By convention (Wohnig, 1904), the 
Strela river valley def ines the boundary between the 
volcanics of the Tepelska vrchovina Highland and those of 
the Doupovske hory Mts. in the Ohre Rift . 
From the early beginning of the 20 th century geologists 
were intrigued by W Bohemian rocks of exceptional 
petrographical composit ion ("andesitic character" of Wohnig 
,1904), some of them within the Tertiary Volcanic 
Subprovince of the Bohemian Massif . Shrbeny (1979) noted 
"silica higher-saturated" types. Subsequently, Ulrych et al. 
(1999) identified two contrasting rock groups, a weakly 
alkaline series (WAS) and a strongly alkaline series (SAS). 
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WEAKLY ALKALINE SERIES: 
A Rhyolite 
O Trachyte 
• (Basaltic) Trachyandesite 
V Trachybasalt 
(} Basanite 
STRONGLY ALKALINE SERIES: 
• Trachybasalt 
• Tephrite 
# Olivine nephelinite 
• Mellite - bearing olivine nephelinite 
Fig. 1. Geological sketch of the NE flank of the Cheb-Domazl ice Graben with 
marked out occurrences of the Tertiary volcanics and sampling 
Tertiary volcanic rocks of both 
series are concentrated in the Teplá 
Crystalline Complex; the W A S is 
associated with the unit exclusively. 
They occur rarely also in the 
Mariánské Lázné Metabasite Complex 
(e.g., Podhorni vrch Hill near 
Mariánské Lázné) and the Slavkovsky 
les Crystall ine Units (e.g., Bukóvá Hill 
near Horni Slavkov). Geochemical 
distribution of the young volcanics 
within the SE flank of the C D G lacks 
obvious zonation (Fig. 1). The 
undifferentiated products (e.g., olivine 
nephelinite to basanite of Podhorni 
vrch, Polom and Lysina Hills) are 
above all spatially associated with 
faults belonging to the Mariánské 
Lázné Fault Zone (Ulrych et al., 
2000a). Nevertheless, the most 
primitive rocks of melilite-bearing 
olivine nephelinite composit ion are 
present only in the area of Cesky 
Chloumek (16.5 Ma - Wilson et al., 
1994). These volcanic rocks can be 
associated with some younger N E - S W 
trending faults (Litomérice Deep Fault 
Zone) that spatially coincide with the 
Variscan major thrust of the Mariánské 
Lázné Metabasi te Complex over the 
Saxothuringian para-autochthonous 
domain (Kachlik, 1993). The melilite-
bearing volcanics are commonly 
characteristic of the main fault zones 
limiting the Ohre Rif t , in W Bohemia 
region mostly associated with the 
Krusné hory Fault Zone (Kopecky, 
1978; Ulrych et al., 1999; Ulrych et al., 
in press a). However , rare older 
volcanic products (29.5 Ma) also occur 
in the area of the NE flank of the C D G 
(leucite basanite f rom Polikno - Ulrych 
et al. in press b). 
The differentiated products of the 
W A S (concentrated in the Teplá, 
Touzim and Manétín areas) are 
generally characteristic of the outer 
parts of the CDG. The rare trachytic 
occurrences as Spiéák, Sténsky vrch 
hills and "Mordloch" have been 
described by Wohnig (1904), 
Berounsky vrch Hill and 
reclassification of Sténsky vrch Hill 
trachyte as rhyolite by Pivec et al. (in 
press), Dobrá Voda and Kojsovice 
localities (trachyte accompanied by 
rhyolite) by Vrána (2000). 
Spiéák Hill is a trachytic extrusive 
bulbous dome. T h e nearby Sténsky 
vrch Hill can be interpreted as a 
laccolith with a gneissic roof 
preserved (Ulrych et al., 1991). 
Basalt ic t rachyandesi tes and 
trachybasal ts form variable groups of 
f lows (typically developed at 
Doubravicky vrch Hill). Zbras lavsky 
vrch Hill consists of two lava f lows 
and a feeding channel filled by 
agglutinate, giving an asymmetr ic 
" f l a g - f o r m " volcanic structure 
(Fediuk, 1995). A horseshoe-shaped 
group of hills is formed by 
Trebounsky vrch Hill, which 
represents a relict of feeder channel 
fi l l ing, and the Branisovsky vrch Hill 
lava f low. The Okrouhle Hradistg Hill 
is a relict of a large f low(s) . Vlci hora 
Hill is a large composi te volcano 
(Ulrych, 1986; Ulrych et al., 2000c) . 
Volcanic rocks of the SAS are more 
abundant in comparison to the W A S 
forming mostly smaller intrusions such 
as stocks and diatremes (for 
comparat ive overview see Fig. 1). A 
major locality is the large polyphase 
volcano Podhorni vrch (Cajz, 1992; 
Ulrych et al., 2000c). The melilite-
bearing olivine nephelinites f rom 
Chloumecky kopec Hill are relicts of a 
volcanic edif ice with preserved rim of 
Upper Eocene Stare Sedlo Formation. 
Chlumska hora Hill is the largest relict 
of an olivine nephelinite f low (4 by 1.2 
km) occurring together with other 
characteristic "table mountains" , e.g., 
Vladar Hill south of the formal 
boundary (see above) of the 
Doupovske hory Mts. Pekelsky vrch 
Hill NeCtiny is a relict of a composi te 
volcano with products of trachybasalt-
tephrite composit ion. 
SAMPLING AND ANALYTICAL 
METHODS 
Thirty one representative rock 
samples were used for the geochemical 
(Ulrych et al., in press b) and the 
present mineralogical study. The 
sampling covers the elevated block of 
the C D G (Fig. 1). Sampling sites are 
presented together with their 
geological characteristics, petrography 
and modal mineralogy of the rocks in 
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Table 1. Rock samples were prepared for the study by use of 
common methods described, e.g. in Ulrych et al. 2000c and 
Ulrych et al. in press b). 
K-Ar isotope measurements were taken in the Institute of 
Nuclear Research of the Hungarian AS, Debrecen. An Ar 
extraction and its measurement were made on the mass 
spectrometer by the method of isotope dilution 38Ar 
according to procedure described by Balogh (1985) and Odin 
et al. (1982). 
Rock-forming minerals were analysed in the Institute of 
Geology, AS CR, Prague with a JXA 50A electron 
microprobe with spectrometer E D A X PV 9400, using an 
accelerating voltage of 20 kV, beam current of 1.5 10"9 A, 
beam diameter of 2 pim and counting t ime of 120 s per 
analysis (analyst A. Langrovâ). Standards employed are 
natural mineral (olivine, kaersutite, jadeite, diopside, leucite, 
apatite, barite) and synthetic phases (S i0 2 , T i 0 2 , F e 2 0 3 , 
C r 2 0 3 , MgO) and the Z A F correction method was used. 
AGE RELATIONS OF VOLCANIC SERIES 
The new K-Ar data and a review of the published data 
(Wilson et al., 1994; Ulrych et al., in press a, b and Pivec et al. 
Table 1. Geological and petrological characterist ic of the representat ive rocks of the weakly and strongly alkaline series 
Locality Sample 
No. 
Root name Sub-root Normative Mineral composit ion Country Structure texture Volcanic 
in TAS* name characteristi rock form 
classific. c (xenoliths) 
W E A K L Y A L K A L I N E SERIES 
Stënsky vrch 202 
Hill 
rhyolite Q-, Ns- anorthoclase gneiss holocrystalline dome 
normative quartz porphyritic (laccolith?) 
magnesioriebeckite with trachytic 
matrix 
Spicâk Hill 180 trachyte high K- Q- anorthoclase, sanidine, gneiss holocrystalline dome 
type normative oligoclase, quartz, porphyritic 
winschite, biotite, Ti- with trachytic 






trachyte high K- Q- sanidine, anorthoclase amphibolite holocrystalline fine- dome 
type normative diopside-hedenbergite- porphyritic with 





trachy- latite Ne-, 01- andesine, anorthoclase mica schist holocrystalline lava f low 
andesite normative diopside-augite series porphyritic with 





basaltic sho- Ne-, 01- bytownite, PermoCarboni holocrystalline lava f low 
trachy- shonite normative anorthoclase diopside- ferous pilotaxitic, 






trachybasalt hawaiite Ne-, 01- andesine, sanidine, gneiss and holocrystalline f ine lava f low 
normative kaersutite, diopside, PermoCarboni porphyritic with 
Ti-magnetite, titanite, ferous pilotaxitic matrix 
apatite, carbonate sediments "sonnenbrand" 
Prachometyl l Z-13 basanite Ne-, (01-) ferrisalite-ferrifassaite, mica schist porphyritic with intrusion 
normative labradorite, (andesine), holocrystalline (partly 




V l c i h o r a P - l 
Hill, 
basanite - Ne-, 01- ferrisalite-ferrifassaite, phyllite to porphyritic in complex 
analcimized normative kaersutite, Ti- mica schist holocrystalline volcano 
magnetite,apatite matrix, magacrysts: 
kaersutite, diopside, 
olivine 
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Table I. continued 
Locality Sample 
No. 
Root name Sub-root Normative Mineral composition Country Structure texture Volcanic 
in TAS* name characteristi rock form 
classific. c (xenoliths) 
STRONGLY ALKALINE SERIES 
Vinice Hill Z-22 trachybasalt hawaiite Ne-, 01- kaersutite, ferrisalite, phyllite to holocrystalline fine intrusion 
normative phenocrysts, mica schist porphyritic 
labradorite-andesine, 
K-oligoclasse, 
ferrisalite in matrix 
Pekelsky vrch Z-24 
Hill 
tephriete Ne-, (01-) ferrisalite-ferrifassaite, mica schist fine porphyritic small 
normative phenocrysts, holocrystalline volcano 
labradorite, K-andesine fluidal matrix 




tephrite Ne-, 01- (olivine), ferrifassaite, phyllite to mica holocrystalline fine-differentiated 




Polom in Z-15 
Mariânské 
Lâznë 
olivine Ne-, 01- olivine, ferrifassaite, granite xenoliths: porphyritic with intrusion 
(contam.) normative labradorite, serp. granite with holocrystalline (partly 
olivine, Ti-magnetite, glassy rims, matrix brecciated) 
apatite pyroxenite 
LysinaHill Z-14 olivine Ne-, 01- olivine, ferrifassaite, granite porphyritic with intrusion 
nephelinite( normative nepheline, Ti- xenoliths: holocrystalline 
contam.) magnetite,apatite granite matrix 
Cesky Z-16 
Chloumek 
melilite- Ne-, 01- olivine, ferrifassaite, Miocene holocrystalline dyke-like 
bearing normative nepheline, melilite, Ti- sediments and microporphyritic intrusion 
olivine (melilite) magnetite granite, xenoliths: 
nephelinite wehrlite? 
in press) are presented in Table 2A, B together with chemical 
analyses of the rocks. Based upon this data and the 
distribution scheme of Cenozoic volcanism in the Bohemian 
Massif (Ulrych et al., 1999), two coexisting volcanic series 
of Middle to Late Miocene age associated with the NE flank 
of the CDG were recognized (Fig. 2): 
(i) Weakly alkaline series - WAS (15.9-11.4 Ma), cf. Pivec et 
al. (in press); 
(ii) Strongly alkaline series - SAS (16.5-8.3 Ma) developed 
to a limited degree only. 
The ultimate development of the volcanism of the NE 
flank of the CDG was at about 12 Ma. However, the onset 
of the volcanism (16-17 Ma) is characteristic of the more 
distal regions of the CDG. This activity of the CDG NE 
flank provides a link between the Oligocene-Miocene 
strongly alkaline series of the Western Ohre Rift (24-16 
Ma, average 22 Ma) (Ulrych et al., in press a) and the 
Pliocene to Quaternary (0.43-0.11 Ma) primitive alkaline 
volcanics occurring at the intersection of the OR and CDG 
structures in the vicinity of Cheb (Wilson et al., 1994; 
Wagner et al., 1998). From K-Ar data of Wilson et al. 
(1994) and Ulrych et al. (in press a) on basanitic rocks 
(Hory in Karlovy Vary -15.5 Ma and Horni Rotava in the 
Krusne hory Mts. - 14.8 Ma) it follows that the Middle 
Miocene volcanism in W Bohemia was not restricted to the 
CDG area only. 
The age-related Group of Late Miocene Intrusives (13-9 





Fig. 2. K-Ar age distribution of the rocks of the 
strongly alkaline series associated with the Cheb 
Graben. For data see Table 2a, b. Vertical axis 
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the Ceske stredohori Mts. Area. It was described from a block 
of coal-bearing basinal Ohre Rift sediments in the Bilina-Most 
area (Cajz et al., 1999). Products of a similar final episode (13 
Ma) of the volcanic cycle are known from many areas of the 
CEVP such as Heldburger Gangschar, Rhön, Hessian Basin, 
Vogelsberg and Westerwald (11-6 Ma, Lippolt 1983). 
The recurrence of volcanism and changes in its chemical 
characteristics coincide with tectonism (Downes, 1996), 
causing principal changes in tectonic settings and character of 
magmas from calc-alkaline to alkaline in the Carpathians. This 
change reflects Late Miocene E-W compression in the Alpine 
Orogeny linked to entry of continental crust into the 
subduction zone. Volcanism of the CDG NE flank thus 
parallels the development of the graben structure, as revealed 
by the minimal Middle Miocene (?) relict of a sedimentary fill 
in the Lazany-Vl£i hora Hill area (Zartner, 1939) preserved 
below the underlying basanite flow (11.7 Ma - Wilson et al., 
1994). 
Table 2A. Chemical analyses of rocks of the weakly alkaline series 
Sample No 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
202 ZC-30B ZC-30A ZC-20A 180 186 203 251 251a 255a 256 255 Z-13 P-3 P- l P-19 
Rock type RY RY TR TR TR TR TR TA TA TA BTA TB BA BA BA BA 
Si02(wt.%) 70,18 74,45 65,66 65,39 65,77 62,91 62,90 53,46 55,17 55,57 51,83 45,24 42,24 42,91 43,81 41,43 
T i 0 2 0,03 0,08 0,24 0,40 0,31 0,55 0,30 1,67 1,41 1,76 1,68 2,68 2,46 3,37 3,11 3,90 
A1203 15,12 13,76 17,98 17,82 17,57 18,20 19,14 18,22 17,70 17,75 18,83 16,33 12,64 11,99 12,49 11,27 
Fe 2 0 3 1,23 1,29 1,51 1,43 1,93 1,08 2,99 4,64 3,28 5,10 5,29 6,21 5,14 5,12 4,59 5,02 
FeO 0,08 0,05 0,07 0,13 0,08 0,14 0,10 1,92 3,00 1,56 2,18 4,50 5,99 5,88 6,56 7,21 
MnO 0,04 0,02 0,05 0,06 0,24 0,12 0,10 0,18 0,19 0,17 0,22 0,21 0,22 0,18 0,20 0,22 
MgO 0,05 0,16 0,06 0,10 0,14 0,06 0,12 2,36 1,82 1,63 2,02 4,22 11,19 11,11 9,60 9,25 
CaO 0,41 0,20 0,80 1,25 0,76 2,13 1,03 5,63 5,60 6,09 6,81 9,73 11,54 13,97 13,30 14,61 
N a 2 0 6,60 3,06 7,39 6,79 6,27 7,40 6,49 5,15 5,02 4,98 4,85 3,79 3,85 2,39 3,16 2,98 
K 2 0 4,48 4,91 5,92 6,00 5,56 4,91 5,55 3,74 4,09 3,50 3,02 1,47 1,41 1,70 1,77 1,74 
P 2 O 5 0,03 0,09 0,03 0,06 0,07 0,10 0,04 0,55 0,43 0,50 0,62 0,79 0,82 0,57 0,69 0,75 
H 2 0 + 1,17 1,20 0,44 0,30 0,42 1,24 0,67 1,28 1,26 0,86 1,11 2,01 2,02 0,59 0,29 1,32 
H20" 0,04 0,22 0,12 0,09 0,32 0,34 0,63 0,82 0,40 0,28 0,96 1,43 0,52 0,21 0,27 0,22 
F 0,03 0,06 0,04 0,06 0,06 0,03 0,04 0,11 0,07 0,02 0,09 0,12 
CI 0,01 0,02 0,02 0,11 0,13 0,01 
co2 0,19 0,03 <0.01 0,05 0,40 0,44 <0.10 0,05 0,01 0,02 0,04 0,91 0,03 0,13 0,07 0,20 
99,69 99,58 100,31 99,93 99,92 99,67 100,10 99,89 99,45 99,79 99,68 99,65 100,07 100,12 99,91 100,12 
0 = 2 F -0,01 -0,03 -0,02 -0,03 -0,03 -0,01 -0,02 -0,05 -0,03 -0,01 -0,04 -0,05 
0=2C1 -0,02 -0,03 -0,05 
Total 99,67 99,55 100,29 99,90 99,89 99,66 100,08 99,82 99,42 99,78 99,61 99,55 100,07 100,12 9 9 , 9 1 100,12 
R b (ppm) 436 282 153 213 191 133 162 110 90 102 83 61 49 39 40 39 
Cs 6,5 6,2 2,8 2,6 2,2 1,5 1,40 1,9 1,3 0,9 0,87 0,78 0,94 0,57 
Sr 126 128 1270 480 1338 1189 1040 1287 1069 1002 728 877 941 
Ba 420 215 143 564 434 1546 1242 1455 1290 1451 1258 906 828 487 580 788 
Ga 34 35 28 25 18 17 14 16 14 
As 6 6 11 . 4 5 4 3 2 3,1 
Sc 0,3 5,6 1,6 1,2 1,4 6,7 0,9 6,3 6,9 7,9 6,2 16 23 34 17 33 
Y 35 35 36 25 40 34 34 39 31 21 22 26 21 
La 84 10 156 101 132 171 131 144 160 140 121 95 114 121 137 113 
Ce 115 21 216 155 220 152 186 • 251 241 218 228 176 177 180 211 171 
Nd 16,0 10,0 40,0 37,0 71,0 14,0 54,0 102,0 99,0 100,8 106,0 87,0 78,3 79,0 84,0 75,1 
Sm 2,8 2,2 2,9 4,3 9,2 4,4 5,9 14,3 14,7 15,3 15,6 13,7 11,4 13,3 16,9 13,9 
Eu 0,3 0,2 1,0 1,2 1,9 1,5 1,6 4,2 3,8 3,6 4,6 4,2 3,4 3,4 4,4 3,7 
Gd 2,7 6,2 4,1 5,0 12,3 10,2 9,4 12,5 12,1 13,8 10,9 12,1 11,6 
Tb 0,47 0,40 0,50 0,50 0,95 0,71 0,59 0,85 1,43 1,36 1,60 1,40 1,06 1,44 1,58 1,22 
Yb 3,7 3,6 3,3 2,8 3,7 3,1 2,8 2,9 3,9 3,9 3,4 2,6 2,19 3,01 4,50 3,00 
Lu 0,51 0,43 0,48 0,41 0,58 0,45 0,47 0,51 0,38 0,44 0,58 0,45 0,33 0,33 0,41 0,38 
Th 72,3 9,0 33,0 33,0 26,3 21,4 27,6 15,6 14,1 15,9 14,0 10,2 13,2 10,0 12,0 13,0 
U 5,4 7,0 7,1 6,3 7,8 5,1 3,4 4,0 4,5 6,6 3,2 2,7 3,2 2,1 1,9 1,0 
Zr 380 517 661 626 460 505 363 512 322 252 243 288 299 
Hf 14,5 2,9 11,7 13,2 12,8 14,6 14,9 • -12,4 11,8 10,5 11,5 9,2 6,8 9,9 9,4 8,9 
V •15 198 301 310 330 
Nb 139 160 133 126 ' " 122 154 123 149 116 89 70 85 117 
Ta 8,7 10,2 9,1 8,8 10,5 10,1 7,7 9,2 6,8 5,4 6,1 7,1 7,6 
Cr 7 12 10 4 - 11 26 21 16 15 219 175 230 258 
Co 0,5 3,7 0,5 1,1 0,6 1,2 1,0 ' 5,7 11 14 3,6 5,0 51 54 45 41 
Ni 5 5 5 5' 6 10 17 7 13 237 157 120 99 
Cu 5 5 5 0,2 . 37 17 29 11 21 155 87 150 
Zn 115 56 72 46 63 200 98 . 137 95 143 195 129 128 70 90 95 
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Table 2A. continued 
Sample No 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 , 
202 ZC-30B ZC-30A ZC-20A 180 186 203 251 251a 255a 256 255 Z-13 P-3 P- l P-19 
Rock type RY RY TR TR TR TR TR TA TA TA BTA TB BA BA BA BA 
K/Rb 85,28 144,51321,15233,80241,61306,41284,35 282,20377,19284,80302,00200,02238,84 361,79367,28370,31 
Rb/Sr 3,46 1,49 0,10 0,34 0,08 0,08 0,10 0,06 0,06 0,05 0,05 0,05 0,04 
Sr/Ba 0,30 0,29 0,82 0,39 0,92 0,92 0,72 1,02 1,18 1,21 1,49 1,51 1,19 
Zr/Nb 2,73 3,23 4,97 4,97 3,77 3,28 2,95 3,44 2,78 2,83 3,47 3,39 2,56 
Y/Nb 0,25 0,22 0,27 0,20 0,33 0,22 0,28 0,26 0,27 0,24 0,31 0,31 0,18 
La/Nb 0,60 0,83 1,29 1,04 1,18 1,04 1,14 0,81 0,82 1,29 1,73 1,62 0,96 
Th/U 13,40 1,29 4,65 5,24 3,37 4,20 8,12 3,90 3,13 2,41 4,38 3,78 4,13 4,76 6,32 13,00 
Zr/Hf 26,20 40,39 45,27 42,01 37,10 42,80 34,57 44,52 35,00 37,06 24,55 30,64 33,60 
Nb/Ta 15,98 15,69 14,62 14,32 11,62 15,25 15,97 16,20 17,06 16,48 11,48 11,97 15,39 
SREE 225,48 47,80 420,21 302,16445,53 351,26 587,36 532,06 534,51492,71493,28 392,45 402,27 412,49 472,36 392,65 
(La/Yb)N 16,28 1,99 33,91 25,87 25,59 39,57 33,56 35,62 29,45 25,67 25,53 26,21 37,47 28,86 21,89 26,97 
Eu/Eu* 0,33 0,41 1,87 1,41 0,73 1,06 0,88 0,94 0,90 0,85 0,97 0,98 0,83 0,84 0,89 0,85. 
#Mg 8,12 21,70 8,09 12,89 13,91 10,17 8,27 44,81 39,07 35,73 37,90 46,73 68,85 68,96 65,32 62,32 
Gd/Gd* 0,13 0,00 0,00 0,00 0,16 0,15 0,15 0,28 0,24 0,24 0,31 0,39 0,44 0,34 0,32 0 ,38 ' 
Age (Ma) 12,4 12,5 11.9 12,1 11,4 12,9 12.8 11.7* 15.9*' 
1-202 rhyolite, StSnsky vrch Hill near Tepla, AQ 
2-ZC30B rhyolite, Kojsovice (Vrana 2000), B 
3-ZC30A trachyte, Kojsovice (Vrana 2000), B 
4-ZC20A trachyte, Dobrd Voda (Vrana 2000), B 
5-180 trachyte, Spi£ak Hill near Tepla, Q 
6-186 trachyte, Prachometsky v. Hill near Tepid, AQ 
7-203 trachyte, Berounsky v. Hill near Hermanov, B 
8-251 trachyandesite, Treboufisky v. Hill near Tepla, AQ 
9-25 la trachyandesite, Branisovsky v. Hill near Tepla 
Shrbeny 1979), AQ 
Explanations: Q - active quarry, AQ - abandoned quarry, NO - natural outcrop, B - boulders 
Table 2B. Chemical analyses of rocks of the strongly alkaline series 
10-255a trachyandesite, Zbraslavsky v. Hill near ManStin 
(Shrbeny 1979), AQ 
11-256 basaltic trachyandesite, Doubravicky v. Hill near 
ManStin, AQ ' 
12-255 trachybasalt?, Zbraslavsky vrch Hill near ManStin, AQ 
13-Z13 basanite, Prachomety II near Tepla, AQ 
14-P3 basanite, Okrouhle HradistS Hill near 
Konstantinovy LaznS, AQ 
15-P1 basanite, Vl£i hora Hill near Cernosin, AQ 
16-P19 basanite, Holy v. Hill near Ratibor, Q 
Sample No. 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
Z-20 Z-22 Z-23 Z-24 Z-19 P-2 P-4 Z-26 Z-15 Z-14 226 M- l M-2 P-16 Z-16 
Rock type TB TB TB TE TE TE TE TE ON ON ON ON ON MON MON 
SiO, (wt.%) 47,32 45,66 45,89 44,91 45,55 40,27 41,59 44,98 43,67 43,98 40,99 39,58 40,60 40,90 39,19 
T i 0 2 2,55 2,89 2,86 2,85 3,07 3,91 3,66 1,99 3,51 2,10 4,18 1,98 1,95 2,20 2,70 
AI2O, 16,14 15,80 15,28 15,83 15,20 13,65 14,79 12,04 13,87 12,21 13,76 10,20 10,87 11,60 11,39 
F e 2 0 , 4,80 6,12 4,77 4,99 4,93 4,80 5,17 2,48 5,62 4,18 7,51 6,39 4,34 4,08 3,99 
FeO 5,65 5,25 6,45 6,45 6,14 8,12 8,93 8,05 5,40 6,33 7,56 5,85 6,83 7,10 7,99 
MnO 0,22 0,23 0,23 0,23 0,21 0,24 0,25 0,17 0,18 0,17 0,23 0,22 0,21 0,19 0,20 
MgO 4,00 4,34 5,41 5,41 6,11 7,90 6,25 12,46 6,98 13,02 6,42 15,02 14,52 12,50 12,49 
CaO 9,81 9,93 10,73 10,73 11,05 12,39 12,02 11,22 11,80 11,33 11,24 12,45 12,13 13,59 15,81 
N a 2 0 4,24 4,23 3,59 3,59 3,65 3,49 3,97 2,62 3,69 3,33 3,75 3,93 3,64 2,74 3,00 
K 2 0 1,90 1,13 2,21 2,21 2,19 2,22 0,87 1,31 0,72 0,94 1,89 1,33 0,97 1,10 J,11 
P2O5 1,00 1,08 0,94 0,94 0,74 0,92 0,90 0,60 0,51 0,52 0,94 0,97 0,88 0,82 0,88 
H 2 0 + 2,06 1,73 1,01 1,01 0,95 0,50 1,09 1,69 2,23 1,69 0,80 1,23 1,78 2,64 1,12 
H20" 0,21 0,61 0,34 0,34 0,35 0,02 0,20 0,14 0,79 0,26 0,20 0,82 0,51 0,33 0,31 
CO, 0,07 0,02 0,04 0,04 0,07 0,49 0,37 0,07 0,02 0,13 0,03 0,08 0,28 0,07 0,03 
Total 99.97 99.02 99.75 99.53 100.21 98.92 100.06 99.82 98.99 100.19 99.50 100.05 99.51 99.86 100.21 
Rb 52 53 50 46 51 55 65 32 70 52 47 31 27 52 37 
Cs 0,79 0,86 0,73 1,10 0,71 0,80 0,41 0,5 1,70 1,90 0,57 0,42 0,44 3,30 3,30 
Sr 1046 979 858 967 829 1088 1190 594 895 600 1254 988 836 816 1151 
Ba 814 787 718 644 642 691 731 501 616 611 985 849 627 964 1005 
Ga 11 11 
As 1,9 1,7 2 1,6 1,4 1,8 2,3 1,5 
Sc 14 16 19,7 20 25 22 16 26,4 28 25 24 24 28 27 
Y 31 29 22 20 21 31 30 17 21 16 32 23 20 17 25 
La 106,7 106,1 84,5 83,3 81,9 99,2 118,9 43,6 70,4 52,9 110,0 99,4 83,1 76,9 89,7 
Ce 185 182 144,0 146,0 142,9 138,9 166,2 71,8 122,4 85,6 181,1 142,0 126,0 122,4 137,1 
Nd 92,0 89,1 70,3 72,1 70,0 66,0 73,2 37,1 64,7 43,7 73,2 55,7 53,1 61,9 66,0 
Sm 14,5 14,7 11,9 11,7 11,5 12,5 14,1 6,94 10,4 7,48 16 9,1 9,1 10,3 12,8 
Eu 4,1 4,2 3,46 3,52 3,33 3,31 3,57 2,26 3,08 2,35 3,62 2,73 2,52 3,18 2,64 
Gd 13,1 13,3 11,8 11,8 11,6 10,7 11,0 7,8 9,6 8,9 8,7 8,7 6,7 11,2 10,1 
Tb 1,45 1,45 1,17 1,16 1,11 1,19 1,19 0,89 1,03 0,88 1,52 1,03 0,92 1,07 1,09 
Yb 3,3 3,5 2,49 2,49 2,42 . 2,66 2,91 1,50 1,87 1,68 2,48 1,66 1,66 1,71 1,79 
Lu 0,49 0,49 0,36 0,34 0,34 0,28 0,33 0,25 0,32 0,24 0,31 0,25 0,27 0,22 0,18 
J Rock-forming minerals of alkaline volcanic series, Cheb-Domazlice Graben 9 
Table 2B. continued 
Sample No. 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
Z-20 Z-22 Z-23 Z-24 Z-19 P-2 P-4 Z-26 Z-15 Z-14 226 M - l M-2 P-16 Z-16 
Rock type TB TB TB TE TE TE TE TE ON ON ON ON ON M O N M O N 
Th 9,7 9,5 9,4 8,4 8,6 16,0 9,0 5,0 6,5 6,4 8,1 10,5 9,3 9,3 14,0 
U 3,1 2,7 2,5 2,4 2,4 1,0 1,0 0,9 1,7 1,6 1,9 5,2 4,8 1,9 1,9 
Zr 426 403 285 280 279 361 366 138 230 135 243 177 159 283 231 
Hf 10,9 10,8 8,2 8,2 8 8,1 8,5 4,1 7,1 4,1 8,9 3,9 3,8 5,4 7,0 
V 166 202 212 210 240 321 389 158 278 179 288 133 150 192 233 
Nb 89 88 74 73 71 122 112 43 55 48 104 85 76 102 144 
Ta 6,0 6,0 5,6 5,7 5,4 7,0 6,4 2,8 4,1 3,5 6,1 5,2 4,6 6,5 6,1 
Cr • 22 27 45 48 62 44 33 422 67 370 354 410 445 324 271 
Co 16 21 24 25 30 41 40 56,0 38 55 42 52 55 49 56 
Ni 11 13 17 17 30 57 37 162 45 249 207 236 271 173 222 
Cu 81 66 73 83 67 77 
Zn 143 150 139 160 115 117 112 103 94 101 116 69 93 108 115 
K/Rb 303,27 176,96 366,86 398,76 356,41 335,02 111,09 339,78 85,37 150,04 333,77 356,10 298,19 175,58 249,00 
Rb/Sr 0,05 0,05 0,06 0,05 0,06 0,05 0,05 0,05 0,08 0,09 0,04 0,03 0,03 0,06 0,03 
Sr/Ba 1,29 1,24 1,19 1,50 1,29 1,57 1,63 1,19 1,45 0,98 1,27 1,16 1,33 0,85 1,15 
Zr/Nb 4,79 4,58 3,85 3,84 3,93 2,96 3,27 3,21 4,18 2,81 2,34 2,08 2,09 2,77 1,60 
Y/Nb 0,35 0,33 0,30 0,27 0,30 0,25 0,27 0,28 0,38 0,33 0,31 0,27 0,26 0,17 0,17 
La/Nb 1,20 1,21 366,86 1,14 1,15 0,81 1,06 1,01 1,28 1,10 1,06 1,17 1,09 0,75 0,62 
Th/U 3,13 3,52 0,06 3,50 3,58 16,00 9,00 5,56 3,82 4,00 4,26 2,02 1,94 4,89 7,37 
Zr/Hf 39,08 37,31 34,76 34,15 34,88 44,57 43,06 33,66 32,39 32,93 27,30 45,38 41,84 52,41 33,00 
Nb/Ta 29,67 29,33 19,47 26,07 26,30 17,43 17,50 30,71 26,19 28,24 17,05 16,35 16,52 31,88 23,61 
SREE 420,62 414,38 329,98 332,41 325,10 334,74 391,40 172,13 283,79 203,68 396,95 320,56 283,39 288,88 321,40 
(La/Yb)N 22,98 22,06 24,34 24,00 24,28 26,75 29,31 20,85 27,00 22,59 31,82 .42,95 35,91 32,26 35,95 
Eu/Eu* 0,88 0,90 0,88 0,91 0,87 0,85 0,84 0,94 0,93 0,88 0,85 0,93 0,94 0,90 0,69 
#Mg 45,69 45,83 34,76 50,91 54,78 57,11 49,11 71,76 58,33 73,01 48,46 73,08 73,93 70,88 69,34 
Gd/Gd* 0,40 0,41 0,46 0,45 0,46 0,43 0,37. 0,60 0,44 0,58 0,27 0,35 0,30 0,52 0,42 
Age (Ma) 10,4 13,5 13,0 10,5 9.0* 
6,5 
11.8* 8.3* 16.5* 16,2 12.4* 
17,0 
16.5* 
17-Z20 trachybasalt, SkupeCsky v. Hill near Konstantinovy 
Lazng, AQ 
trachybasalt, Vinice Hill near Konstantinovy LaznS, AQ 
trachybasalt, Pekelsky v. Hill near Nectiny, Q 
tephrite, Pekelsky v. Hill near Nectiny, Q 
tephrite, Okrouhle Hradiste Hill near Konstantinovy 
LaznS, A Q 
tephrite, Homole Hill near Plana, AQ 
tephrite, Krasikov Hill near Konstantinovy Lazne, NO 
olivine nephelinite (crystalline rocks and magnetite 
xenoliths), Cihana AQ 
olivine nephelinite (granite xenoliths), Polom 
in Marianske LaznS, AQ 









26-Z14 olivine nephelinite (granite xenoliths), Lysina 
Hill near Kynzvart , N O 
27-226 olivine nephelinite, Chlumskd hora Hill near 
Manetin (Shrbeny 1979), AQ 
28-M1 olivine nephelinite (massive), Podhorni v. Hill 
near Marianske LaznS, N O 
29-M2 olivine nephelinite (brecciated), Podhorni vrch 
Hill near Marianske LaznS, AQ 
30-P16 melilite-bearing olivine nephelinite, Chloumecky 
kopec Hill near C. Chloumek, N O 
31-Z16 melilite-bearing olivine nephelinite, Cesky 
Chloumek q, AQ 
PETROGRAPHY 
A survey of the principal rock types, localities, their 
geological and petrographical characteristics, main modal 
mineralogy and geochemistry are shown in Table 1. For 
more detailed petrographic and geochemical characteristic of 
the rocks see Shrbeny (1979), Ulrych et al. (2000c, in press 
b) and Pivec et al. (in press). 
Rock-forming minerals 
Quartz occurs as interstitial grains in the matrix (<0.4 
mm in size) and as prismatic euhedral crystals (up to 5 mm in 
size) in fissures in rhyolite and trachyte f rom Spi iak Hill. In 
trachyte it occurs in paragenesis with Mn-oxyhydroxide 
coatings and with an organic matter of white colour. Wohnig 
(1904) also described quartz in vesicles of trachyte f rom 
Prachometsky vrch Hill. 
Feldspars are broadly distributed in the felsic rocks as 
phenocrysts and matrix minerals. They commonly reveal 
and E. Árva-Sós, Debrecen). 
characteristic ternary composition due to a higher content 
(>5 mol.%) of the third component (sensu Barth, 1969; Table 
3; Fig. 3). 
Alkali feldspars dominate in rhyolite and trachytes, 
reaching 80-90 vol.%. Where anorthoclase is the sole 
feldspar, as in the rhyolite of the Sténsky vrch Hill, it forms 
phenocrysts (up to 8 mm). Zoned hypautomorphic 
phenocrysts (up to 12 mm) of alkali feldspar occur in 
trachyte f rom Spiéák and Prachometsky vrch hills. The 
phenocrysts of trachyte f rom Spiőák Hill (antiperthites or 
perthites) are - in optimum examples - formed by (i) a high-
temperature K-oligoclase core (Ab70.75An16.2|Or09.u) or its 
diffuse relicts of Ca-anorthoclase composit ion 
(Ab60Ani6Or24), (ii) ubiquitously mantled by anorthoclase 
with perthitic texture (Or3I.43Ab47.63Ano5-ii), and with (iii) 
rare Na-sanidine rims similar in composition to the matrix 
(K>Na)-phase. The disordered sanidine structure was 
checked using optical method. Matrix feldspar is Na-sanidine 
8 J. Ulrych et al. 
(Or59Ab4oAnoi) and K-oligoclase (Oro7Ab8oAn13) 
compositions. The sanidine is in composition identical with 
the feldspar of trachyte from Drachenfels (Or62Ab36An02), cf. 
Vieten et al. (1988). 
Anorthoclase (Table 3, No. Z-13) in basanite, (No. 
256/28) in basaltic trachyandesite, (No. 251/20) in 
trachyandesite, or sanidine (255/40) in trachybasalt are 
probably of xenocrystic origin and may indicate some 
magma mixing between mafic and felsic compositions. 
Sanidine in trachybasalt has appreciable BaO contents (max. 
3.75 wt.%). Wilson et al. (1995) reported higher BaO 
contents (about 1 wt.%) in K-feldspar of the trachytes in 
Cantal. Rare anorthoclase laths (Or20-22) occur in the matrix 
of intermediate and basic rocks. 
The presence of ternary feldspars with anhydrous 
ferromagnesian minerals in rhyolites and Q-normative 
trachytes indicate high temperatures of origin (Nekvasil, 
1992). As recognised by Carmichael (1963) and Nekvasil 
(1990) the most common reaction in these rock types would 
be the crystallisation of alkali feldspars through the reaction 
of older plagioclases with melt. This explains the presence of 
partially resorbed cores of high-temperature ternary 
plagioclases and/or ternary alkali feldspars (generally 
Table 3. Representative chemical analyses of feldspars 
Fig. 3. Feldspars in An-Ab-Or diagram (mol.%). Symbols as 
in Fig. 1. 
Sample 202/ 202/ 202/ 180/ 180/ 180/ 180/ 180/ 180/ 186/ 186/ 251/ 251/ 256/ 256/ 256/ 256/ 
No. 9C 10R 18M 23C 24R 25C 26R 27M 28M 12C 13R 23C 20 30C 29C 27R 28 
Rock type RY TR TR TA BTA 
S i0 2 67,52 67,36 68,33 65,21 66,59 66,61 65,75 64,21 67,22 63,78 68,59 57,31 64,79 50,31 51,15 59,30 62,37 
T i 0 2 0,08 0,01 0,04 0,07 0,03 0,01 0,11 0,08 0,03 
A1203 18,57 17,95 16,78 20,04 18,54 19,58 18,93 22,53 17,05 22,65 17,91 26,35 21,50 31,65 31,08 23,86 22,68 
FeO 0,36 0,16 0,47 0,20 0,20 0,25 0,47 0,33 0,38 0,09 0,06 0,03 0,07 0,08 0,05 0,06 0,01 
MnO 0,11 0,03 0,14 0,07 0,13 0,01 0,03 0,01 0,04 0,01 0,00 0,05 
MgO 0,02 0,03 0,02 0,04 
BaO 0,09 0,23 0,01 0,26 0,23 0,18 0,05 0,19 0,41 0,23 
CaO 0,57 0,67 0,19 3,34 1,09 3,25 2,16 2,62 0,17 4,72 0,44 8,84 2,82 14,62 13,65 8,55 2,95 
N a 2 0 8,24 7,16 8,52 7,00 7,01 8,27 5,60 9,01 4,51 8,18 7,39 6,06 7,78 2,61 3,07 5,06 7,83 
K 2 0 4,91 6,61 4,68 4,25 5,86 1,70 7,17 1,15 10,14 0,78 5,58 0,49 3,58 0,32 0,45 1,93 4,05 
P 2 0 5 0,06 0,06 0,06 0,06 0,06 0,11 
Total 100,3 99,94 99,06 100,2 99,65 99,86 100,4 99,98 99,59 100,4 100,1 99,22 100,5 99,67 99,84 99,25 100,1 
Number of ions per 32(0) 
Si 11,99 12,07 12,27 11,63 11,96 11,78 11,82 11,35 12,21 11,25 12,17 10,35 11,48 9 ,19 11,58 10,75 11,19 
Al 3,888 3,790 3,551 4,214 3,926 4,083 4,013 4,695 3,650 4,709 3,745 5,608 4,487 6,811 4,314 5,097 4,793 
Ti 0,011 0,001 0,005 0,010 0,004 0,001 0,011 4,000 
P 0,009 0,009 0,009 0,009 0,008 0,170 0,042 
Fe2+ 0,053 0,024 0,071 0,030 0,030 0,037 0,071 0,049 0,058 0,013 0,008 0,005 0,010 0,012 0,009 2,000 
Mn 0,017 0,005 0,021 0,011 0,019 0,002 0,004 0,002 0,000 0,000 0,006 0,002 0,000 
Mg 0,005 0,000 0,000 0,008 0,000 0,005 
Ba 0,006 0,016 0,001 0,018 0,016 0,013 0,004 0,270 0,029 0,016 
Ca 0,108 0,129 0,037 0,638 0,210 0,616 0,416 0,496 0,033 0,893 0,084 1,712 0,535 2,862 .0,199 1,662 0,567 
Na 2,838 2,489 2,966 2,421 2,442 2,837 1,953 3,089 1,588 2,800 2,544 2,123 2,674 0,925 1,901 1,780 2,724 
K 1,113 1,512 1,072 0,967 1,343 0,384 1,645 0,259 2,350 0,176 1,264 0,113 0,809 0,075 1,664 0,447 0,927 
Z 1.5,89 15,86 15,82 15,85 15,89 15,87 15,84 16,06 16,03 15,96 15,92 15,96 15,97 16,00 15,90 15,85 15,98 
X 4,129 4,159 4,152 4,077 4,052 3,894 4,105 3,902 4,031 3,899 3,918 3,977 4,034 3,884 4,105 3,938 10,23 
Ab 69,9 60,3 72,7 60,1 60,9 73,9 48,4 80,3 40,0 72,1 65,1 53,8 66,6 23,9 47,1 45,4 64,3 
An 2,7 3,1 0,9 15,9 5,2 16,1 10,3 12,9 0,8 23,0 2,2 43,4 13,3 74,0 4,9 42,4 13,4 
Or 27,4 36,6 26,3 24,0 33,5 10,0 40,8 6,8 59,2 4,5 32,4 2,9 20,1 1,9 41,2 11,4 21,9 
Cn 0,1 0,4 0,0 0,5 0,2 0,4 0,3 0,0 0,0 0,1 6,7 0,7 0,4 
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Table 3. continued 
Sample No. Z22/1 Z22/2 Z22/3M 255/32 255/40 P1/1C P1/1R P1/2M Z-13C Z-13R Z-13 Z14/1 Z14/2 
Rock type TB TB BA BA ON 
S i 0 2 55,69 55,78 56,08 58,96 62,98 52,87 52,39 52,70 53,04 55,47 63,07 52,98 54,85 
T i 0 2 0,31 0,38 0,34 0,08 0,15 0,26 0,23 0,33 0,22 0,31 0,35 
A1203 27,50 27,01 27,03 25,22 19,91 29,79 29,38 29,22 29,62 28,00 22,05 28,81 27,81 
FeO 0,94 0,79 0,65 0,09 0,27 0,56 0,84 1,27 0,64 0,70 0,70 0,66 0,78 
MnO 0,08 0,03 0,09 0,14 0,28 0,05 0,08 0,25 0,22 
MgO 0,03 0,04 0,03 0,00 0,06 0,05 0,04 0,06 0,05 0,06 0,08 0,10 
BaO 0,26 0,25 0,95 3,75 0,25 0,39 0,23 0,33 0,26 0,37 
CaO 10,19 9,14 9,95 8,03 1,01 12,57 11,89 11,63 10,94 9,06 2,85 12,18 9,97 
N a 2 0 4,97 5,47 5,48 6,07 5,33 4,12 4,00 4,14 4,64 5,98 7,07 4,10 4,98 
K2O 0,62 0,55 0,51 1,13 7,09 0,29 0,56 0,37 0,41 0,66 3,81 0,81 0,43 
P 2 O 5 0,25 0,12 0,46 0,48 0,45 0,28 0,52 0,31 0,34 
Total 100,51 99,74 100,19 100,56 100,34 100,60 100,25 100,62 100,41 100,87 100,97 100,24 99,83 
Number of ions per 32 ( 0 ) 
Si 10,038 10,099 10,105 10,581 11,587 9,570 9,529 9,548 9,588 9,956 11,217 9,620 9,923 
Al 5,842 5,764 5,740 5,330 4,314 6,355 6,298 6,239 6,311 5,923 4,622 6,166 5,930 
Ti 0,042 0,052 0,046 0,011 0,021 0,035 0,031 0,045 0,029 0,042 0,048 
P 0,038 0,018 0,042 0,071 0,074 0,069 0,043 0,078 0,048 0,052 
Fe2+ " 0,142 0,120 0,098 0,014 0,085 0,128 0,192 0,097 0,105 0,104 0,100 0,118 
Mn 0,012 0,005 0,014 0,022 0,043 0,008 0,012 0,038 0,034 
Mg 0,008 0,011 0,008 0,016 0,014 0,011 0,016 0,013 0,016 0,022 0,027 
Ba 0,018 0,018 0,067 0,270 0,018 0,028 0,016 0,023 0,018 0,026 
Ca 1,968 1,773 1,921 1,544 0,199 2,438 2,317 2,258 2,119 1,742 0,543 2,370 1,932 
Na 1,737 1,920 1,914 2,112 1,901 1,446 1,411 1,454 1,626 2,081 2,438 1,443 1,747 
K 0,143 1,127 0,117 0,259 1,664 0,067 0,130 0,086 0,095 0,151 0,864 0,188 0,099 
Z 15,923 15,953 15,909 15,911 15,901 15,925 15,918 15,896 15,999 15,966 15,947 15,876 15,952 
X 4,016 3,981 4,059 4,012 4,105 4,083 4,048 4,060 3,984 4,123 4,029 4,123 3,957 
Ab 44,9 50,0 48,4 53,0 47,1 36,4 36,3 38,1 42,1 52,1 63,0 36,1 46,2 
An 50,9 46,2 48,6 38,8 4,9 61,4 59,6 59,2 54,9 43,6 14,0 59,2 51,1 
Or 3,7 3,3 3,0 6,5 41,2 1,7 3,3 2,2 2,5 3,8 22,3 4,7 2,6 
Cn 0,5 0,5 1,7 6,7 0,5 0,7 0,4 0,6 0,5 0,7 
C - core, R - rim (of phenocrysts), P - phenocryst, M - matrix 
anorthoclase rimmed by sanidine) in K-feldspars phenocrysts 
in the trachytes (Table 3). Trachyte crystallisation need not 
lead to complete resorption of plagioclase Nekvasil (1992). 
The extent of resorption of plagioclase will depend upon 
pressure, bulk H 2 0 and the bulk chemistry of the melt. 
Partial to complete resorption of plagioclase can occur in Q-
normative trachytes under H2O buffered conditions, 
particularly if silica saturation is not attained until the later 
stages of crystallisation. 
Plagioclases predominate in the more basic members 
of the WAS (trachyandesite and basaltic trachyandesite). 
They prevail in the matrix (up to 50 vol.%), as 
phenocrysts they are more rare. Partially resorbed 
oligoclase cores (to anorthoclase) in trachyte have been 
discussed above. Plagioclase composi t ion in the 
intermediate rocks (trachyandesite, basaltic 
trachyandesite) is andesine (An43.42). and in basanite, 
tephrite and trachybasalt is labradorite (An^.s i ) with low 
contents of Or- and Cn-components (Table 3). 
Plagioclases in trachybasalts show a minimum variability 
in An-content within the range of andesine. Rare plagioclase 
is K-andesines (Table 3, No. 255/32R) in trachybasalt. This, 
together with the zero "ordering index" (Oi), indicates their 
high-temperature origin. They are characterised by high BaO 
content (up to 1 wt.%). 
Nepheline was only detected in WAS rocks in the matrix 
of trachyandesite from Trebounsky vrch and basaltic 
trachyandesite from Doubravicky vrch Hills. The nepheline 
compositions (Table 4) plotted in the ternary diagram Ne-Ks-
Qz-H 2 0 system at 700 °C and 1 kbar pH2o (Fig. 4) are not so 
far from the "Barth join", which denotes the compositional 
trend for natural nephelines (Dollase and Thomas, 1978). In 
accordance with the criteria of Wilkinson and Hensel (1994) 
the studied nephelines crystallised at temperatures lower than 
700°C. In contrast to the WAS, nepheline is common in the 
matrix of olivine nephelinite, basanite and tephrite. Both 
sparse homogeneous microphenocrysts (Ne7o.72Ks24Qo3-os) 
and interstitial patches of nepheline are characteristic for 
melilite-bearing olivine nephelinite from Chloumecky vrch 
Hill. Large crystals (up to 12 mm in size) enriched in Ne-
component (Ne76.79Ksi9.2oQo2-04) occur in the ijolite 
pegmatoidal segregations in the melilite-free olivine 
nephelinite of Podhorni vrch Hill (Ulrych et al., 2000c). The 
nephelines reflect host rock chemistry. The proximity to the 
Ne - Ks join, higher Ks and lower Qz of nephelines from the 
ijolite is consistent with the segregation bulk chemistry 
compared with parent rocks (cf. Fig. 4). SAS nepheline is 
relatively richer in Ks-component and distinctly lower in Q-
component (<5) (Fig. 4). Analcimization is confined to 
crystal rims and cleavage, only. 
10 J. Ulrych et al. 
Table 4. Representative chemical analyses of nephelines and analcimes 
Sample No. 251/1 251/2 256/1 29/C ' 29/R 29/C 29/R Z14/1 Z14/2 Z16/1V Z16 /2M Z19/1 
Rock type T A B T A O N Ijolite in O N B A M O N T E 
S i 0 2 44,48 44,26 45,09 42,30 42,21 41,89 41,13 42,66 42,95 42,11 42,09 56,24 
T i 0 2 0,00 0,00 0,06 0,05 0,08 0,05 0,03 0,18 0,25 0,19 0,11 
A1203 33,01 33,01 32,61 33,69 33,12 33,42 33,98 32,52 32,96 33,47 32,31 22,26 
F e 2 0 3 0,78 0,95 0,92 1,62 1,09 1,17 1,11 0,93 0,88 0,82 1,29 0 ,40 
M n O 0,02 0,03 0,01 
M g O 0,05 0,04 0,57 0,54 0,76 0,71 0,07 
CaO 1,15 1,28 1,07 0,51 0,52 0,15 0,14 2,18 1,86 1,60 3,23 5,34 
N a 2 0 16,87 16,45 16,65 16,11 16,18 16,38 16,56 15,78 15,76 14,42 14,45 7,38 
K 2 0 3,56 3,70 3,52 5,80 5,89 6,29 6,36 4,47 4,10 7,37 6,06 1,20 
Total 99,85 99,65 99,92 100,08 99,09 99,42 99,38 99,29 99,30 100,74 100,25 92 ,90 
Number of ions per 4 (O) 48 ( 0 ) 
Si 2,117 2,112 2,141 2,020 2,056 2,039 2,014 2,063 2,067 2,028 2,037 32,518 
Al 1,852 1,857 1,825 1,878 1,901 1,918 1,943 1,853 1,870 1,900 1,843 15,169 
Ti 0 ,002 0,002 0,003 0,002 0,001 0,007 0,009 0,007 0,004 
Fe3 + 0,028 0,034 0,033 0,059 0,040 0,043 0,041 0,034 0,032 0,030 0,047 0,174 
Mn 0,001 0,001 0,005 
Mg 0,004 0,003 0,041 0,039 0,055 0,051 0 ,060 
Ca 0,059 0,065 0,054 0,027 0,027 0,008 0,007 0 ,113 0,096 0,083 0,167 3,308 
Na 1,557 1,522 1,533 1,522 1,528 1,546 1,572 1,479 1,471 1,346 1,356 8,273 
K 0,216 0,225 0,213 0,361 0,366 0,391 0,397 0,276 0,252 0,453 0,374 0,885 
Z 3,997 4,003 4,001 3,959 4,000 4,002 3,999 3,956 3,977 3,964 3,931 47,861 
X 1,832 1,813 1,800 1,910 1,921 1,950 1,980 1,909 1,857 1,936 1,949 12,526 
Ne (mol.%) 77,85 76,82 75,43 75,80 76,30 76,42 78,60 80,54 78,42 72,28 70,39 
Ks 10,81 11,37 10,49 18,00 18,30 19,33 19,85 15,01 13,42 24,31 24,44 
Qz 11,34 11,81 14,08 6,20 5,40 4,25 1,55 4,45 8,15 3,41 5,17 
Analcime patches mainly result f rom a low-temperature 
transformation of nepheline or plagioclase in the matrix of 
basanites (Okrouhle HradistS, Polom, VICi hora and Lysina 
hills) and basanite of Prachomety II (for analyses see Table 
4). Analcime occurs rarely in vesicles. 
Melilite is present in matrix of melilite-bearing olivine 
nephelinite at Cesky Chloumek (Table 5). Anomalous, large 
rusty crystals (up to 18 mm in length) occur in the ijolite 
pegmatoidal segregations in the melili te-free olivine 
nephelinite of Podhorni vrch Hill (Ulrych et al., 2000c). 
Melilite of the ijolite is characterized by appreciable amount 
of soda-melilite and ferroakermanite end-members , 
accompanied by akermanite molecule (Table 5) in comparison 
to usual chemical composition of melilite in the matrix (cf. 
Pivec et al., 1998). Such replacement of Ca (Mg,Al) by Na 
(Fe2+,Fe3+) in melilite structure causes a marked lowering of 
the melting point of the magma (Yoder, 1973). 
Olivine occurs in olivine nephelinite and basanite as (i) 
xenocrysts f rom disaggregated mantle xenoliths (>2-3 mm, 
Fo88-9o), (¡0 euhedral phenocrysts (about 10 vol.%, 0.5-1 mm, 
Fo66.76) and (iii) rare irregular matrix grains. Olivine of all 
types is mostly substantially altered (iddingsitisation and 
serpentinization). Phenocryst olivine in olivine nephelinite 
has a restricted composit ional range (FO8I_84, CaO = 0.3-0.7 
wt.%), in contrast with the groundmass (Fo59.68), which is 
often serpentinised (Table 6). The exceptional accessory 
olivine of tephrite f rom Okrouhle HradistS Hill is Fo-rich 
poor (F049.52, CaO = 0.8-0.9 wt.%). 
Clinopyroxene occurs in minor to substantial amounts in 
major rocks of the WAS. • It occurs as phenocryst and in 
groundmass of in trachyte occurring in Prachometsky vrch Hill. 
Qz Qz 
A 
f \ 50 
• 2NafiAI6Si,0O.,, / \ A I \ 
Na2Al2Si301() / \ \ N e 50 Ks 
\ \ 1 0 6 8 t , l b a \ 
/ \ 7 ^ ' C , Ikbar PIIO \ / X. / ^K 
Ne K2NaflAl8SiR032 Ks 
Fig. 4. Nephelines in Ne-Ks-Qz diagram. The dashed line 
("Barth join") denotes the composit ion of natural nephelines 
(Dollase and Thomas 1978); the full line solution of feldspar 
in nepheline at 1068 °C, 1 bar (Donnay et al. 1959, 
Wilkinson and Hensel 1994); the dashed-dot line marks the 
limit of solid solutions at 700 °C (Hamilton 1961). Shaded 
area corresponds to nepheline composit ion of coarse-grained 
nepheline-clinopyroxene-melil i te/leucite + K-fe ldspar 
exsolution in olivine nephelinite of Podhorni vrch Hill 
(Ulrych et al. 2000c). Symbols as in Fig. 1. 
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Phenocryst in all the rocks occurs as hypautomorphic,. 
columnar crystal (0.2 to 2 mm in size) showing weak . 
concentric and/or sectoral zoning (e.g., in the trachybasalt of 
Zbraslavsky vrch Hill). Their compositions (Table 7) are 
diopside (Morimoto, 1988; Fig. 5), they often plot above the 
(Wo>50) boundary of the "fassaite" field, reflecting high Ti, 
Al, and Fe3+ contents. Clinopyroxene megacrysts (up to 50 
mm in size) from basanite and tuffs from VIci hora Hill 
reveal the same composition (Ulrych and Kaspar, 1977). 
Clinopyroxenes in trachyte from Prachometsky vrch Hill and 
in most trachyandesitic rocks are relatively enriched in Fs-
component, more so than clinopyroxenes from trachytic 
rocks of Siebengebirge (Vieten, 1979, 1980). Both WAS and 
SAS clinopyroxenes contain minor N a 2 0 and MnO, which 
are highest in trachyte (maximum = 1.75 and 2.56 wt.%, 
respectively). 





Fig. 5. Clinopyroxenes in Morimoto's ed. (1988) classification 
diagram. Dashed lines join core and rim, arrows point to the 
rim. Symbols as in Fig. 1. 
Table 6. Representative chemical analyses of olivine 
Sample No. Z16/1C Z16/2R M2/C M2/R 
Rock type MON Ijolite segr. in ON 
S i0 2 42,86 43,75 42,89 40,77 
T i 0 2 0,26 0,21 0,16 0,16 
AI2O3 7,07 7,97 6,36 7,37 
FeO 4,23 4,06 5,79 7,16 
MnO 0,23 0,18 0,10 0,22 
MgO 7,58 6,81 7,07 4,74 
BaO 0,02 0,05 
CaO 34,38 33,04 32,13 33,90 
N a 2 0 3,02 3,25 5,61 5,10 
K 2 0 0,27 0,30 0,09 0,10 
Total 99,90 99,57 100,22 99,57 
Number of ions per 14 (0 ) 
Si 3,907 3,968 3,939 3,821 
Al 0,760 0,852 0,688 0,814 
Ti 0,018 0,014 0,011 0,011 
Fe 0,322 0,308 0,445 0,561 
Mn 0,018 0,014 0,008 0,017 
Mg 1,030 0,921 0,968 0,662 
Ca 3,358 3,211 3,162 3,404 
Ba 0,001 0,002 
Na 0,534 0,572 0,999 0,927 
K 0,031 0,035 0,011 0,012 
Na mel 26,88 29,03 32,75 39,96 
Geh 5,69 7,12 14,8 8,54 
Aker 62,54 46,55 46,07 32,5 
Di mel 5,17 13,25 6,38 19. 
Wo 0,28 4,06 
Sample No. Z13/1 Z13/2 P1/1 P l / 2 Z15/1 Z15/2 Z14/P Z14/2M Z14/3M Z16/1 Z19/1C Z19/1R Z19/2 
Rock type BA BA ON ON MON TE • 
S i0 2 38,18 38,70 39,63 39,30 38,20 39,54 39,49 39,08 39,36 39,91 39,13 39,13 38,85 
T i 0 2 0,25 0,26 0,37 0,24 0,26 0,21 0,29 0,31 0,24 0,12 0,23 0,38 0,23 
A1203 0,48 0,40 1,07 1,23 0,53 0,61 0,37 0,56 0,62 0,44 1,59 2,09 2,24 
FeO 22,58 20,73 26,63 25,22 21,80 22,41 22,08 22,69 22,42 14,67 35,33 34,90 35,95 
MnO 1,05 0,79 0,78 0,88 0,49 0,73 0,64 0,77 0,75 0,34 0,90 0,97 1,01 
NiO n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0,30 0,19 n.d. n.d. n.d. n.d. 
MgO 37,05 38,44 30,53 31,74 37,73 37,32 36,57 35,96 36,10 41,41 22,03 21,74 20,84 
CaO 0,47 0,31 0,71 0,61 0,56 0,53 0,43 0,33 0,30 0,53 0,80 0,80 0,88 
Total 100,06 99,63 99,72 99,22 99,57 101,35 99,87 100,00 99,98 97,42 100,01 100,01 100,00 
Number of ions per 4 (0 ) 
Si 1,995 2,009 2,101 2,083 1,995 2,027 2,051 2,037 2,047 2,051 2,153 2,147 2,144 
Al , v 0,005 0,005 
A1VI 0,025 0,024 0,067 0,077 0,027 0,037 0,023 0,034 0,038 0,027 0,103 0,135 0,146 
Ti 0,010 0,010 0,015 0,010 0,010 0,008 0,011 0,012 0,009 0,005 0,010 0,016 0,010 
Fe 0,987 0,900 1,181 1,118 0,952 0,961 0,959 0,989 0,975 0,631 1,625 1,601 1,659 
Mn 0,046 0,035 0,035 0,040 0,022 0,032 0,028 0,034 0,033 0,015 0,042 0,045 0,047 
Ni 0,010 0,008 
Mg 2,886 2,974 2,413 2,508 2,937 2,852 2,831 2,795 2,798 3,173 1,807 1,778 1,715 
Ca 0,026 0,017 0,040 0,035 0,031 0,029 0,024 0,018 0,017 0,029 0,047 0,047 0,052 
Fo 73,2 76,3 65,8 67,8 74,5 73,6 73,7 72,6- 73,0 82,5 51,5 51,2 49,4 
Fa 25,0 22,6 32,2 30,2 24,2 24,8 25,0 25,7 25,5 16,4 46,2 46,1 47,8 
Te 1,2 0,6 1,0 1,1 0,6. 0,8 0,7 0,9 0,9 0,4 1,2 .1,3 1,4 
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Table 7. Representative chemical analyses of clinopyroxenes 































Rock type TR TA BTA TB 
SiO, 

































Al2Oj 2,70 1,48 1,70 2,49 4,77 4,50 5,18 8,12 2,47 5,78 3,54 6,94 2,22 6,80 5,68 9,41 
FeO 12,81 15,10 15,13 14,80 8,42 8,63 9,99 10,54 13,17 9,17 7,96 9,32 12,45 8,66 8,73 8,52 
MnO 1,31 2,51 2,56 2,22 0,21 0,23 0,35 0,34 0,35 0,26 0,21 0,69 0,11 0,17 0,22 
MgO 10,55 8,50 8,15 8,76 12,25 12,61 12,07 11,06 10,69 11,30 13,29 10,43 10,68 11,11 11,95 10,92 
CaO 21,43 20,24 20,70 20,20 22,78 22,97 20,68 20,49 20,54 22,79 21,91 22,43 20,39 23,71 22,76 21,88 
N a 2 0 1,00 1,75 1,73 1,68 1,20 1,08 0,78 0,80 1,16 1,11 1,26 1,47 1,74 0,81 0,79 1,36 
K , 0 0,09 0,12 0,16 0,11 0,15 0,13 0,15 0,20 0,19 
Total 100.15 99.85 100.78 100.57 99.79 99.80 100.68 99.71 99,45 99.54 99.51 99.46 99,70 99.19 99.73 99,50 
























































Cr 0,000 0,000 
Fe3+ 0,157 0,184 0,178 0,188 0,177 0,198 0,024 0,109 0,122 0,189 0,149 0,227 0,171 0,196 0,159 0,246 
Fe2+ 0,247 0,260 0,282 0,268 0,085 0,044 0,287 0,222 0,296 0,077 0,093 0,065 0,221 0,052 0,114 0,001 
Mg 0,594 0,486 0,462 0,496 0,679 0,699 0,669 0,620 0,605 0,632 0,736 0,585 0,600 0,625 0,665 0,610 
Mn 0,042 0,082 0,083 0,071 0,007 0,007 0,011 0,011 0,011 0,008 0,007 0,022 0,004 0,005 0,007 
Ca 0,868 0,832 0,844 0,822 0,907 0,915 0,824 0,825 0,835 0,916 0,872 0,904 0,823 0,958 0,911 0,879 
Na 0,073 0,130 0,128 0,124 0,086 0,078 0,056 0,058 0,085 0,081 0,091 0,107 0,127 0,059 0,057 0,099 



































Fs 14,4 16,5 17,7 16,9 5,0 2,7 15,6 12,9 16,8 4,8 5,5 4,2 13,3 3,2 6,6 0,0 
Jd 0,2 0,0 0,0 0,0 0,9 0,0 3,1 3,4 1,6 0,0 0,0 0,2 1,2 0,0 1,4 0,0 
Table 7. continued 
Sample No. 
Rock type 
Z13/1 ZI3/1 ZI 3/2 
C R M 
BA 





ZI 5/1 ZI 5/2 
ON 
Z24/1 Z24/1 Z24/2 
C R M 
ON 
Z14/1 Z14/1 ZI 4/2 
C R M 
ON 
Z16/1 Z16/1 
C R Z l 6 / C 
MON 
SiO, 
T i 0 2 
AI2O3 





N a 2 0 
K , 0 
45,13 46,24 43,57 
3,92 2,80 3,23 
6,75 5,69 7,68 
0,15 0,25 0,23 
7,13 9,03 8,87 
0,32 0,41 0,27 
11,90 12,10 11,45 
23,30 23,45 23,10 
1,18 0,60 1,04 































47,48 44,98 42,43 
2,16 3,24 4,14 
4,77 6,49 9,66 
0,35 0,37 0,24 
8,55 8,00 8,90 
0,45 0,34 0,37 
12,56 11,59 10,67 
23,41 23,93 22,27 
0,60 1,01 1,20 
0,00 0,15 0,13 
50,81 48,98 49,63 
0,97 1,13 1,53 
5,53 6,91 4,68 
1,17 1,56 0,79 
4,60 4,87 5,29 
0,37 0,35 0,44 
14,55 13,18 13,70 
21,11 21,16 22,09 
1,14 1,41 1,07 
0,25 0,18 0,08 
45,36 49,37 45,18 
2,92 1,32 2,68 
7,02 2,17 7,30 
0,34 0,30 0,27 
7,89 12,98 7,22 
0,29 0,39 0,43 
11,62 9,76 11,26 
23,82 23,07 24,50 
0,96 0,61 0,85 
0,18 0,21 0,12 
Total 99.95 100.60 99.61 100.18 100,34 99,44 99,98 100.10 99.95 100.33 100.10 99,94 100,40 99,73 100,00 100.40 100.18 99.81 
Number of ions per 4 cations and 6 CO) 
Si 
Al l v 
Fe3+ 
1,678 1,720 1,629 
0,296 0,249 0,339 










1,767 1,675 1,584 
0,209 0,285 0,416 
0,024 0,040 0,000 
1,848 1,800 1,838 
0,152 0,200 0,162 
0,000 0,000 0,000 
1,682 1,880 1,685 
0,307 0,097 0,315 











0,000 0,000 0,000 
0,110 0,078 0,091 
0,004 0,007 0,007 
0,192 0,160 0,246 
0,004 0,090 0,000 
0,010 0,013 0,008 
0,659 0,671 0,638 
0,928 0,935 0,926 
0,086 0,043 0,075 































0,000 0,000 0,009 
0,060 0,091 0,116 
0,010 0,011 0,007 
0,145 0,209 0,260 
0,096 0,000 0,018 
0,014 0,011 0,012 
0,697 0,643 0,594 
0,933 0,955 0,891 
0,043 0,073 0,087 
0,000 0,007 0,006 
0,085 0,099 0,043 
0,026 0,031 0,043 
0,034 0,045 0,023 
0,072 0,102 0,091 
0,068 0,047 0,073 
0,011 0,011 0,014 
0,789 0,722 0,756 
0,823 0,833 0,877 
0,080 0,100 0,077 
0,011 0,008 0,004 
0,000 0,000 0,006 
0,081 0,038 0,075 
0,010 0,009 0,008 
0,223 0,091 0,218 
0,011 0,299 0,007 
0,009 0,012 0,013 
0,642 0,554 0,626 
0,946 0,941 0,979 
0,069 0,045 0,061 





58.3 55,1 59,2 
41.4 39,6 40,8 
0,2 5,3 0,0 













54,1 59,7 58,9 
40,4 40,3 39,3 
5,6 0,0 1,2 
0,0 0,0 0,6 
46,8 49,0 50,1 
44,8 42,4 43,3 
3,9 2,8 4,2 
4,6 5,8 2,4 
59,2 52,4 60,5 
40,2 30,9 38,7 
0,7 16,7 0,5 
0,0 0,0 0,4 
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The compositional variation of 
clinopyroxene in basanites and 
tephrites is largely a function of ferrian 
diopside and ferrian fassaite variants. 
High f 0 2 during crystallization is 
reflected in high Fe3+ in both 
octahedral and (tetrahedral) positions 
(calculated on the base of 
stoichiometry). This translates to a 
lower Fs-component and almost all 
clinopyroxenes are characterised by 
low Si-contents compensated by 
substitution of A1IV and Fe l v . 
Amphibole is a minor phase in 
rhyolite and trachyte of Spicák Hill. 
Microphenocrysts are columnar, with 
strong pleochroism and typically 
rimmed by biotite. The alkali 
amphiboles are Mn-varieties (up to 6.1 
wt.% MnO), manganoan 
magnesioriebeckite in rhyolite and 
manganoan winchite in trachyte using 
Leake's (1978) classification (Table 8). 
Magnesioarfvedsonite of similar 
composition is known from alkali 
trachyte in Siebengebirge (Vieten, 
1965; Vieten et al., 1988) and fenites in 
the Cistá Massif (Ulrych, 1978). 
Strongly corroded, originally 
euhedral phenocrysts (up to 12 cm) of 
kaersutite rimmed by clinopyroxene 
Table 9. Representative chemical analyses 
of biotite 
Sample 180/ 180/ 180/ 180/ 
No. 1C 1R 2C 2R 
Rock type TR 
S i0 2 36,02 35,46 38,01 37,49 
T i 0 2 4,07 5,90 4,93 5,50 
AI2O3 14,25 14,91 13,72 15,80 
FeO 15,33 16,73 14,17 13,33 
MnO 1,41 1,31 1,77 1,46 
MgO 14,82 13,02 14,82 13,69 
CaO 0,01 
N a 2 0 0,57 0,69 0,81 0,56 
K 2 0 9,35 8,46 9,31 9,33 
Total 95,82 96,48 97,54 97,17 
Number of ions per 22 (O) 
Si 5,675 5,558 5,833 5,730 
Al , v 2,325 2,442 2,167 2,270 
A1V1 0,319 0,310 0,313 0,574 
Ti 0,482 0,696 0,569 0,632 
Fe2+ 2,020 2,193 1,819 1,704 
Mn 0,188 0,174 0,230 0,189 
Mg 3,481 3,042 3,391 3,119 
Ca 0,002 
Na 0,174 0,210 0,241 0,166 
K 1,879 1,692 1,823 1,819 
Z 8,000 8,000 8,000 8,000 
Y 6,490 6,415 6,322 6,218 
X 2,053 1,902 2,064 1,987 
Table 8. Representative chemical analyses of amphiboles 
magnesio winchite kaersutite kaersutite 
riebeckite megacryst veinlet 
Sample No. 202/1 180/1 251/11 251/10 P1/1R P1/2M 
Rock type RY TR TA BA 
Si0 2 54,07 53,72 39,34 39,09 39,00 39,15 
T i0 2 0,27 0,52 5,09 5,44 5,03 5,10 
A1203 0,77 1,45 12,38 12,64 13,56 13,55 
Fe 2 0 3 tol 17,66 12,11 
Cr 2 0 3 
FeO 11,18 12,06 8,54 9,52 
MnO 6,06 4,43 0,14 0,13 0,32 0,34 
MgO 8,43 15,05 13,01 11,83 13,85 13,09 
CaO 2,98 7,26 12,09 12,12 12,69 12,57 
N a 2 0 7,39 3,63 2,67 2,81 2,50 1,95 
K 2 0 0,84 0,71 1,61 1,37 2,14 1,96 
H 2 0 + 2,07 2,12 2,00 2,00 1,98 1,98 
Total 100,54 101,00 99,51 99,49 99,61 99,21 
Number of ions per 23 (O) 
Si 7,849 7,608 5,889 5,872 5,788 5,836 
A1IV 0,132 0,242 2,111 2,128 2,212 2,164 
Ti 
FeIV 0,019 0,150 
A1V1 0,073 0,109 0,159 0,216 
Ti 0,029 0,055 0,573 0,614 0,561 0,572 
Cr 
Fe3+ 1,385 1,141 
Fe2+ 0,525 0,000 1,400 1,515 1,06 1,187 
Mg 1,824 3,178 2,903 2,649 3,064 2,908 
Mn 0,745 0,531 0,018 0,017 0,04 0,043 
Ca 0,464 1,101 1,939 1,951 2,018 2,007 
Na 0,097 0,066 
Na 2,080 0,997 0,775 0,818 0,622 0,498 
K 0,156 0,128 0,307 0,263 0,405 0,373 
and titanian magnetite occur in 
trachyandesite. Their chemical 
composition is close to that of 
amphibole megacrysts worldwide. 
They are also similar to polycrystalline 
aggregates (15 by 10 cm) of 
oxykaersutite in basanite and its tuff 
from the nearby V15i hora Hill at 
Cernosin (Ulrych, 1986). The basanite 
includes also infrequent oxykaersutite 
veinlets as a result of re-equilibration 
(?) between melt and megacrysts 
(phenocrysts or cumulates)? 
Biotite is found only in trachyte 
from SpiCâk Hill. It occurs in the form 
of (i) rare euhedral phenocrysts (up to 
4 mm) and smaller inclusions in the 
alkali feldspar phenocrysts (Mg# = 
0.61-0.62) and (ii) rims of amphibole 
microphenocrysts composed of 
subhedral dark brown flakes (Mg# = 
0.58), locally opaque due to tiny 
inclusions of titanian magnetite. Micas 
are typically Fe-Mg biotite, 
exceptionally phlogopite (Table 9). A 
low content of micas and amphiboles 
in rocks of both series gives evidence 
of a relatively dry parental magma. 
Titanomagnetite in trachytes 
(manganoan titanian magnetite) is 
characterised by a high amount of Mn 
(up to 6.6 wt.% MnO, cf. Table 10). 
The higher contents of Ti (up to 19.9 
wt.%), Al, Cr, Mg, and V are 
characteristic, especially for 
titanomagnetites from trachybasalts, 
basanites and olivine nephelinites. 
Concentric zoning is manifested 
mostly in an increase of Ti towards 
rims, accompanied by a decrease of 
Mn, Al and Mg. 
Accessory minerals 
Accessory minerals occur 
sporadically in the rocks. Euhedral, 
partly corroded titanite occurs in the 
entire range of rocks except for 
rhyolite. For its chemical composition 
see Table 11. Needle-like apatite is a 
rare accessory and is mainly 
concentrated in the more mafic and 
intermediate rocks of the WAS. 
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Total 99.10 99.71 99.28 100.04 99.77 99.85 99.94 99.20 100.32 100.50 
Number of ions per 3 cation and 4 CO) positions 
Si 0,005 0,002 0,009 0,006 0,014 0,009 0,003 0,004 
Ti 0,258 0,309 0,297 0,258 0,399 0,446 0,376 0,431 0,434 0,371 
Al 0,018 0,020 0,022 0,027 0,059 0,054 0,057 0,056 0,119 0,147 
Cr 0,003 0,004 
Fe3+ 1,494 1,383 1,404 1,481 1,162 1,071 1,211 1,101 1,026 1,125 
Fe2+ 1,038 1,189 1,120 1,007 1,242 1,248 1,272 1,284 1,183 1,107 
Mn 0,178 0,084 0,143 0,208 0,080 0,085 0,055 0,086 0,040 0,034 
Mg 0,014 0,015 0,014 0,019 0,058 0,096 0,029 0,043 0,195 0,213 
Ca 0,002 0,008 0,003 0,001 0,005 0,028 0,004 0,004 0,003 0,003 
cation 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 
MgAl ,0 4 1,8 1,9 2,1 2,7 4,8 4,2 4,8 4,4 9,0 11,7 
MgMgTi0 4 0,5 0,4 0,3 0,5 2,3 5,4 0,1 1,2 10,3 11,2 
MnMnTi0 4 17,7 7,7 13,5 20,5 6,5 6,6 4,6 6,8 3,1 2,7 
FeFeTi0 4 33,2 49,2 42,1 29,9 56,3 57,4 58,4 60,0 52,6 45,6 
MnCr20 4 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
MgCr 2 0 3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
FeCr0 4 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,3 
Fe 3 0 4 46,8 40,7 42,1 46,4 30,1 26,4 32,2 27,6 24,7 28,6 
Table 10. continued 
Sample No. Z13/1C Z13/2 P- l /1 P- l /2 Z15/1 Z15/2 • Z14/1 Z14/2 Z17/1 ZI 7/2 
Rock type BA BA BA BA ON ON ON ON MON MON 
SiO, 0,06 0,08 0,04 0,04 0,06 0,04 0,12 0,07 0,19 0,12 
T i 0 2 20,05 19,90 6,37 14,52 12,30 15,47 19,08. 20,79 23,72 22,21 
AI2O3 2,31 2,27 4,09 8,37 2,18 2,80 2,54 3,04 2,34 2,45 
Cr 2 0 3 0,15 0,17 0,23 0,15 0,74 0,70 0,71 0,32 0,44 0,37 
Fe 2 0 3 29,71 29,24 53,23 34,01 43,56 36,44 30,11 27,41 21,65 25,26 
FeO 43,27 43,20 30,16 34,66 38,32 40,50 42,36 42,30 45,62 43,64 
MnO 1,42 1,55 1,64 1,37 0,79 1,25 0,91 0,99 1,49 1,34 
MgO 3,68 3,39 3,21 5,71 2,21 2,32 3,48 4,53 3,70 4,51 
CaO 0,21 0,43 0,22 0,14 0,25 0,40 0,77 0,36 
v,o, 0,77 0,79 0,46 0,60 0,53 0,33 
Total 100,65 99,80 99,95 100,06 100.84 100,26 100,10 100,18 99,92 100.26 
Number of ions per 3 cation and 4 CO") positions 
Si 0,002 0,003 0,001 0,001 0,002 0,001 0,004 0,002 0,007 0,004 
Ti 0,538 0,541 0,173 0,378 0,336 0,423 0,520 0,557 0,644 0,596 
Al 0,097 0,096 0,173 0,340 0,093 0,119 0,108 0,127 0,098 0,102 
Cr 0,004 0,005 0,007 0,004 0,021 0,020 0,020 0,009 0,012 0,010 
Fe3+ 0,836 0,831 1,511 0,928 1,243 1,043 0,856 0,768 0,611 0,707 
Fe2+ 1,287 1,299 0,906 1,000 1,156 1,226 1,273 1,254 1,362 1,292 
Mn 0,043 0,047 0,050 0,040 0,024 0,038 0,028 0,030 0,045 0,040 
Mg 0,195 0,182 0,180 0,310 0,127 0,131 0,196 0,255 0,226 0,252 
Ca 0,000 0,000 0,008 0,016 0,009 0,005 0,010 0,015 0,029 0,014 
cation 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 
MKAI,0 4 6,7 6,6 17,4 24,6 7,9 9,2 7,5 8,5 6,2 6,7 
MgMgTi0 4 10,2 9,2 9,4 10,1 6,9 5,4 9,9 12,8 11,1 13,1 
MnMnTi0 4 3,0 3,3 5,0 2,9 2,1 2,9 1,9 2,0 2,8 2,6 
FeFeTi0 4 61,5 62,3 20,5 41,8 48,4 56,4 60,8 60,0 66,9 62,2 
MnCr20 4 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
MgCr 2 0 3 0,0 . 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
FeCr0 4 0,3 0,3 0,7 0,3 1,8 1,5 1,4 0,6 0,8 0,7 
Fe 3 0 4 18,4 18,2 46,9 20,3 32,9 24,5 18,3 16,0 12,2 14,7 
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Subhedral isometric grains of zircon 
are a typical accessory of trachytes and 
rhyolite. Submicroscopic crystals (20-
30 pirn in size) of rare oxide fersmanite 
(Ca,TR) (Nb,Ti)2 ( 0 , 0 H ) 6 occur in 
matrix of trachyte f rom SpiCak. The 
tentative chemical analysis (in wt.%) 
of fersmanite is as follows: Nb2Os 
(50.0), T a 2 0 5 (4.2), T i 0 2 (13.0), T h 0 2 
(2.8), U 0 2 (2.7), C e 2 0 3 (4.5), F e 2 0 3 
(2.4), M n O (1.7), CaO (18.6). 
Late magmatic and postmagmatic 
minerals 
Carbonates and sulphates are 
commonly present in the rocks. The 
younger hydrothermal calcites occur 
both in basaltic trachyandesite and in 
trachybasalt, where also complex 
carbonate of the intermediate 
composition between rhodochrosite 
and calcite was found (Table 11). 
Barite grains were identified in the 
matrix of basaltic trachyandesite 
(Table 11). 
Mn-oxyhydroxide is very 
characteristic mineral of the SpiCak 
trachyte. It occurs as an irregular 
network of subvertical veins and small 
veinlets (from 1 mm to 10 cm wide), 
vugs fillings, pseudomorphs after 
feldspars and in irregular 
impregnations copying the fluidal 
structure of the rock. In the apparently 
(by the naked eye) homogeneous 
monomineral veins the Mn-mineral 
forms only up to 10 vol.%. It cements, 
very fine crushed material (feldspars, 
quartz, clay mineral) of the host rocks. 
The Mn-mineral is probably a product 
of a younger hydrothermal 
precipitation in fissures. It represents a 
poorly crystalline, originally colloidal 
phase, most probably a mixture of Mn-
oxyhydroxides. A chemical study 
(Table 11) of the oxidation state 
(Ulrych et al., 1997) shows that Mn is 
mainly present in tetravalent form 
(8.55 wt.% from the total content of 
manganese expressed as 12.35 wt.% of 
MnO); the minor part (3.79 wt.%) 
corresponds to the trivalent form of 
Mn. 
Sulphur and organic matter were 
rarely found in the altered and 
cavernous part of the SpiCak trachyte 
as a yellow powder coating vugs 
(Ulrych et al., 1997). The sulphur 
crystallised most probably as a result 
of decomposition of gaseous volcanic 
Table 11. Representative chemical analyses of accessory and secondary minerals 
Sample No. 1'80 . 186 180 256 ' 256 255 255 
Rock type TR B T A TB 
Mineral titanite Mn-oxy barite calcite Mn- calcite 
hydroxide carbonate 
S i 0 2 29,63 31,82 
T i 0 2 36,87 36,07 0,75 
AI2O3 1,44 1,56 2,61 0,01 
F e 2 0 3 15,00 0,46 
FeO 1,44 2,02 0,77 0,24 0,49 
M n O 0,38 0,38 71.87* 0,22 0,16 31,87 0,04 
M g O 0,33 0,02 0,37 0,78 0,03 0,32 0,18 
CaO 26,92 26,93 1,68 55,48 25,04 55,20 
BaO 0,12 63,22 0,21 0,02 
N a 2 0 0,07 0,25 0,56 
K 2 0 0,08 0,03 2,24 
H 2 0 4,92 
Total 97,16 99,18 100,00 64,69 56,65 57,47 55,93 
emanations (oxidation of H2S or 
reduction of S0 2 ) . 
Nontronite occurs in numerous 
veinlets, vugs and concentrations 
around the feldspar glomerophyres 
(Melka et al., 2001) in the trachyte of 
SpiCak Hill. It forms 50-100 (im sized 
flakes, yellow-green in colour, 
occurring mixed with finely 
fragmented feldspars and goethite, 
sometimes in association with Mn-
oxyhydroxide. 
GEOCHEMISTRY 
Chemical analyses of the basanites 
and their proposed differentiates (see 
below) are presented in Table 2A, 
while olivine nephelinites, tephrites 
and trachyandesites are given in Table 
2B. Position of the rocks of both series 
is presented in the TAS diagram (Fig. 
6 ) o f L e M a i t r e e d . (1989). 
In the TAS diagram (Le Maitre, 
1989) the majority of the W Bohemian 
rocks plot in the basanite, tephrite, 
trachybasalt, basaltic trachyandesite, 
trachyandesite, trachyte, and rhyolite 
fields (Fig. 6). Three samples (Lysina, 
Polom, Cihana) plot as alkali-basalts 
because they contain numerous 
microxenoliths of the surrounding 
granitic rocks. Their mineral 
composition indicates that their 
original bulk chemistry was more 
+ o 
a 
3 0 4 0 5 0 60 7 0 80 
SiO? 
Fig. 6. Rocks of the weakly and strongly alkaline series associated with the Cheb-
Domazlice Graben plotted in TAS diagram (Le Maitre ed. 1989). Symbols as in Fig. 1. 
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undersaturated in silica. Although most of the mafic rocks plot 
in the basanite field, they vary significantly in modal 
composition (see mineralogy section), which was used to 
distinguish olivine nephelinites and basanites. 
In terms of N a 2 0 and K 2 0 most of the rocks belong to the 
potassic series: potassic trachybasalt - shoshonite - latite -
trachyte - rhyolite (classification of Le Maitre, 1989); see Fig. 
6. The rare rock samples represented only by hawaiite (flow at 
Zbraslavsky vrch Hill) and latite (agglutinate in a feeding 
channel of Treboufisky vrch Hill) are members of sodic series 
in the same classification. 
In comparison to Siebengebirge (Vieten et al., 1988) and 
Cantal, Massif Central (Wilson et al., 1995), the volcanic rocks 
of W Bohemia reveal a similar extent of fractionation, but at a 
lower level of alkalinity (cf. Fig. 2 in Pivec et al., in press). 
The rhyolite from the laccolith of StSnsky vrch Hill with a 
gneissic roof reveals some stoping features, suggesting 
contamination of the magma by the host rock (cf. Ulrych et al., 
2000b). 
According to TAS and Harker 's diagrams, trachybasalts, 
trachyandesite and trachytes can be considered as 
representatives of the Weakly Alkaline Series (WAS) series. 
This series corresponds to that f rom the Cantal, Massif Central 
(Wilson et al., 1995). In Cantal, a Strongly Alkaline Series 
(SAS) has also been recognised. Initially, a similar series, 
composed of olivine nephelinite-tephrite-phonolite was 
thought to exist in W Bohemia, but the two large phonolite 
bodies considered to represent the felsic end of this series 
proved to belong to an older series (26-31 Ma) characteristic 
of Doupovske hory Mts. (Ulrych et al., in press a). However, 
strongly alkaline volcanism is definitely represented in W 
Bohemia by the (olivine) nephelinites. Thus, analogous to 
Cantal, both weakly and strongly alkaline rocks are present. 
The WAS shows no evidence of commonly recognized 
crustal assimilation in trachytic and rhyolitic rocks (cf. Wilson 
et al., 1995). They have relatively stable ratios of incompatible 
elements (Ulrych et al., in press b) that have not been 
significantly affected by crustal assimilation. 
DISCUSSION AND CONCLUSIONS 
The volcanism in W Bohemia is genetically associated 
with the uplift of NE-flank of the CDG. Two 
contemporaneous series were recognised there: 
WAS: basanite - trachybasalt - (basaltic) trachyandesite -
trachyte - rhyolite, 
SAS: (melilite-bearing) olivine nephelinite - tephrite. 
The contemporaneous rock series represents products of 
the Middle to Late Miocene episode, which is part of the 
continuous Cenozoic volcanic activity in the Bohemian Massif 
(Ulrych et al., 1999). Despite the similar age of both series, 
their initial magmas differ in degree of partial melting of the 
mantle source. Initial nephelinitic magma was formed by a 
lower degree of partial melting than the basanitic magma. 
The age of the volcanism associated with the C D G 
coincides with the Late Miocene intrusions in the Ceske 
stredohofi Mts. (13-9 Ma; Cajz et al., 1999), young volcanism 
in Germany (11-6 Ma; Lippolt, 1983) and with the time of the 
tectonic event (Downes, 1996) causing principal changes in 
chemical composition of volcanism in Carpathians. 
Initial parent magmas (nephelinitic and basanitic) probably 
formed by different degrees of partial melting of 
metasomatised mantle lithosphere, with amphibole, olivine, 
garnet and clinopyroxene in residuum. Metasomatised mantle 
lithosphere has also been reported as a likely source of 
primitive alkaline magma from other parts of the Bohemian 
Cenozoic Volcanic Province (Svobodova and Ulrych, in 
press). The mantle source was enriched in incompatible 
elements compared to PM. Geochemical similarity of the 
rocks to OIB points to mantle metasomatism associated with 
plume-material. 
The chemistry of the minerals characteristically reflects the 
differentiation development of the above rock series. Minerals 
of the differentiation series can be classified to: 
1. The early magmatic crystallization 
- Olivine phenocrysts (Fo66-76)> melilite, Ti-magnetite and 
(Ti,Fe3+)-diopside to fassaite in the mafic rocks, 
- (Mn,Ti)-magnetite, diopside and high-temperature K-
oligoclase (cores to anorthoclase phenocrysts) characterise the 
felsic rocks. 
2. The continuous to late magmatic crystallization 
- Kaersutite phenocrysts, nepheline at temperatures < 700°C 
(together with melilite in ijolite pegmatoidal segregations) and 
crystallization of labradorite-andesite series are characteristic 
of the mafic rocks, 
- Andesine, sometimes with K-andesine to K-oligoclase rims 
and problematic olivine in tephritic rock (Fo49.52) are typical of 
transitional types; 
- Mn-magnesioriebeckite, Mn-winchite, Mg-biotites and 
anorthoclase perthite (occasionally with K-oligoclase cores 
and/or Na-sanidine rims) represent the felsic rocks; Na-
sanidine and quartz in the matrix of the felsic rocks terminate 
the crystallization. 
3. Late magmatic to postmagmatic crystallization 
- Analcimes replacing plagioclases and nepheline, carbonates 
of calcite-rhodochrosite series and barite are products of the 
late magmatic stage in the mafic rocks, 
- The presence of Mn-oxyhydroxide, nontronite, rare sulphur 
and organic matter in the felsic rocks reflects the 
postmagmatic stage. 
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ABSTRACT 
Assessment of the organic facies and that of organic precursors were performed on an 83 m thick core section of the Upper Norian Kossen 
Formation (Hungary), exposed in Siimeg by Siit-17 borehole. Carbon-dioxide mineral carbon and organic carbon contents, determined on a large 
number (70) of samples, exhibit a carbonate-rich, organic-poor sequence. Cyclic variations observed in both forms of carbon, throughout the 
sequence, reveal cyclic alternations of the platform-derived input and the terrestrial-derived one. Owing to the especially low organic carbon 
content (Corg<0.2 %), half of the investigated rocks, composed mainly of carbonate particles, can not be considered as source rocks either for oil 
and gas. Most of them were formed under shallow subtidal conditions in a highly oxic environment. Rock Eval pyrolyses performed on selected 
argillaceous samples (Corg>0.2 %) together with organic petrographical data from a small sample set, show that the immature organic matter is of 
predominantly terrestrial origin and composed of mainly inertinite and vitrinite deposited in oxic environment. The predominance of the highly 
degraded land plant remnants resulted in organic facies D and CD with very low source potential in rocks containing less than 6 % of Ccalb. 
Organic facies CD is also common in rocks containing more than 6 % of Ccarb. Owing to the negligible amount of oil and minor amount of gas 
generated by all of these samples, they are rated as non-source rocks in any commercial sense. Gas-prone C facies and B facies with marginal 
potential for oil generation, observed in some carbonate-rich samples, formed from a mixture of different types of precursors and accumulated 
also in an oxic environment. The very minor amount of algal-derived liptinite was probably preserved by inclusion in carbonate skeleton. 
Key words: carbonate platform, petroleum source potential, organic facies, organic precursors, depositional environment 
INTRODUCTION 
The Upper Nor ian-Lower Rhaetian Kossen Formation is 
regarded as the source rock of heavy sulfur-ricli oil of the 
adjacent oil field in the Transdanubian Range Unit (Hungary) 
(Clayton and Koncz, 1994). It was deposited in a 
backplatform basin in the background of the Dachstein 
platform. Organic petrographical and geochemical data 
(Brukner-Wein and Veto, 1986; Hetenyi, 1989; Hetenyi et 
al., 2002; Veto et al, 2000), as well as geochemical 
assessment of production and preservation of organic matter 
(OM) (Veto et al, 2000) have recently been reported. These 
examinations were performed on thermally immature O M 
accumulated on the gentle slope located between the basin 
and a late Triassic carbonate platform of the South-Alpine 
domain. Parallel variations were observed in the mineral 
composit ion and in the organic geochemical features of the 
Kossen Formation for the two studied boreholes as a function 
of their paleo-position on the slope. The immature O M is of 
predominantly marine origin and composed of mainly 
liptinites in both boreholes. Precursor biomass accumulated 
at the toe of the slope is mainly of algal origin with a minor 
bacterial and terrestrial contribution. A significantly higher 
proportion of bacterial biomass and a very small amount of 
higher plant remnants were found in the O M of the borehole 
located on the slope. The source potential of the Kossen 
Formation is nearly three t imes higher for the rocks 
deposited at the toe of the slope than for rocks deposited on 
the slope. This ratio fairly correlates with the average Co r g 
content of the two sequences. Furthermore, rocks 
accumulated at the toe of the slope contain lower amount of 
carbonate minerals than those accumulated on the relatively 
upper part of the slope. 
This paper presents the bulk organic geochemical data 
measured on core samples taken f rom an immature section of 
the Kössen Formation deposited on the belt of the slope. 
Core samples were collected f rom Süt-17 well (Siimeg). On 
the basis of these data the petroleum source potential of the 
rocks were evaluated. Assessment of the organic facies and 
organic precursors for samples with different carbonate 
content, as well as that of the geochemical characteristics for 
depositional environment were attempted. 
GEOLOGICAL SETTING 
Upper Triassic of the Transdanubian Range (Hungary) is 
made up f rom platform carbonates and intraplatform basin 
deposits (Haas, 2002). This segment of the large (200 km 
wide) Late Triassic carbonate platform belonging to the 
passive margin of the Tethys ocean, may have been situated 
between the North and South Alpine realms in the Triassic 
(Klimetz, 1983; Ziegler et al., 1983; Parrish, 1993). In the 
Paleogene the TR block moved eastward reaching its present 
position in the Early Miocene (Kázmér and Kovács, 1985; 
Balla, 1988; Haas et al., 1990). The lower unit of the 
platform, the Upper Carnian-Middle Norian Main Dolomite 
(Hauptdolomite) Fm. of about 1,000 m thickness is overlain 
by the Upper Norian-Rhaetian Dachstein Limestone of about 
800 m thickness. Development and subsequent 
dolomitization of the platform was strongly affected by the 
climate (Balog et al, 1999). Formation of the Kössen Basin 
started at the very end of the Middle Norian as a result of the 
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extensional tectonics, which led to the disintegration of the 
previously existing carbonate platform and to a sea-level rise 
resulting in drowning of the platform. The basin was filled in 
by fine terrigenous siliciclastics and platform-derived 
carbonate particles during the Late Norian-Rhaetian (Haas 
and Budai, 1995; Haas, 2002). Cyclic alternation of 
carbonate sedimentation and argillaceous one, reflecting 
short-term (100-400 ka) sea-level fluctuations, is 
characteristic of the inner marginal belt of the platform. The 
carbonate-poor rocks deposited in relatively deeper water 
when the input of carbonate particles f rom the back stepping 
platform decreased (Haas, 1993), 
Based on foraminifera and ostracodes the studied 
sequence, penetrated by Siit-17 well, represents the latest 
Norian interval (Oravecz-Scheffer , 1987). The carbonate-rich 
layers are composed mainly of limestone, argillaceous 
limestone and dolomitic limestone. The marly layers contain 
calcite, ankerite, and clay minerals (Haas, 1993). 
METHODS 
70 samples were collected f rom the 83 m thick section of 
the Siit-17 well. Inorganic carbon (Ccarb) was determined by 
measuring the C 0 2 released by HCI-acid treatment. Co r g 
content, source potential (SI + S2), hydrogen index (HI) and 
T,„ax considered as a maturity parameter were measured by 
standard Rock Eval method using an Oil Show Analyzer. 
Measurement of oxygen index ( O l j was carried out in a Rock 
Eval II Pyrolyzer. Both types of the Rock Eval pyrolysis 
were performed on 100 mg powdered samples at 300°C for 4 
min, followed by programmed pyrolysis at 25°C/min to 
550°C in a helium atmosphere. The organic carbon 
remaining after pyrolysis was measured by oxidation under 
air atmosphere at 600°C. (Espitalie et al., 1977; Bordenave et 
al., 1993). 
Organic petrographic observations were performed on a 
six sample set of different carbonate content with reflected 
light microscopy in oil immersion. 
RESULTS AND DISCUSSION 
Organic and mineral carbon 
Carbon-dioxide ( C 0 2 ) , Cca,b and Co r g contents of the 
studied samples are listed in Table 1. C 0 2 and Co r g contents 
are plotted along the depth in Fig. 1. 
The studied succession is rich in carbonate minerals; C 0 2 
Table 1: Carbon-dioxide content (C0 2 ) , mineral carbon content (Ccarb) and organic carbon content (C01g) of the samples taken 
from Siit-17 well 
Depth CO, Cr;Mh c ore Depth CO, c 
434.0 41.5 11.32 0.10 474.8 30.3 8.27 0.17 
435.0 32.6 8.89 0.39 475.9 27.3 7.45 0.21 
435.8 1.6 0.43 0.80 477.0 16.9 4.61 0.34 
437.0 38.8 10.59 0.40 478.0 16.2 4.42 0.14 
437.5 29.6 8.08 0.38 479.3 32.0 8.73 0.10 
437.9 42.1 11.49 0.09 481.6 40.2 10.97 0.14 
439.3 17.6 4.80 0.53 482.5 31.1 8.49 0.67 
439.8 15.1 4 .12 0.55 483.5 19.3 5.26 0.51 
440.0 41.7 11.38 0.05 484.7 40.7 11.11 0.08 
444.1 43.3 11.82 0.12 485.9 25.5 6.96 0.50 
448.0 43.0 11.73 0.04 486.2 35.0 9.55 0.26 
453.2 43.3 11.82 0.04 487.5 41.0 11.19 0.18 
453.5 12.6 3.43 0.85 489.4 28.3 7.72 0.64 
454.0 7.6 2.07 0.51 490.8 13.3 3.63 1.25 
455.0 37.9 10.34 0.12 491.1 38.7 10.56 0.25 
455.5 31.2 8.51 0.35 492.0 16.7 4.55 0.77 
457.7 42.5 11.60 0.11 493.0 30.2 8.24 0.31 
458.4 41.2 11.24 0.12 493.7 36.5 9.96 0.21 
460.3 43.7 11.93 0.01 495.0 41.5 11.32 0.02 
462.8 42.6 11.62 0.09 501.2 34.7 9.47 0.21 
463.7 29.5 8.05 0.35 503.9 42.0 11.46 0.05 
464.0 30.0 8.19 0.24 504.5 17.0 4.64 0.47 
464.8 41.7 11.38 0.13 506.6 31.6 8.62 0.63 
466.0 41.1 11.22 0.05 506.7 40.0 10.92 0.11 
467.5 40.7 11.11 0.10 507.2 40.7 11.11 0.03 
468.2 38.6 10.53 0.09 508.4 29.5 8.05 0.38 
468.6 41.3 11.27 0.12 509.5 35.7 9.74 0.81 
469.0 41.3 11.27 0.02 510.8 41.1 11.22 0.22 
469.8 36.6 10.00 0.14 511.8 29.6 8.08 0.76 
471.0 41.0 11.19 0.06 512.0 39.2 10.70 0.20 
471.5 34.2 9.33 0.34 513.0 38.5 10.51 0.16 
471.8 19.2 5.24 0.55 515.0 43.4 11.84 0.05 
472.2 39.8 10.86 0.14 516.0 39.3 10.72 0.15 
473.3 35.4 . 9.66 0.26 516.7 28.1 7.67 0.49 
474.1 38.1 10.40 0.10 
Organic fades distribution, Kossen Basin 21 
Fig. 1: Depth profile of mineral carbon content (Ccarb), organic carbon content (Corg), source potential (SP) and hydrogen 
index (HI) in Siit-17 well 
content exceeds 10 % for all but two samples and ranges 
between 27.3 and 43.3 % for most of the samples. 84% of the 
rocks contain more than 6% of Cca rb, which value 
corresponds to 50 % of CaCC>3. (In this paper carbonate 
rocks refer to those of the studied rocks which contain 50 % 
or more carbonate minerals. Those rocks containing less 
than 50 % of carbonate are referred to as carbonate-poor 
ones.) The organic carbon content is low throughout the 
entire borehole, less than 1.0 % for all but one (490.8 m) 
sample. 
Both the Corg and Cc;irb contents exhibit cyclic variations 
throughout the succession. The depth profile of C 0 2 content 
and that of Corg content appear to be inverse of each other 
(Fig. 1). A fair, but not close, correlation existing between 
the two carbon forms is shown in Fig. 2. The very high Ccarb 
values (> 10 %) determined for half of the samples suggest 
strong predominance of platform-derived input. Most of 
these carbonate-rich (CaC0 3 >83 %) samples are especially 
lean in OM (Corg <0.2 %) (Table 1). 
On the basis of the results of several previous studies, 0.2 
% is considered as the lowest limit of Corg content for bulk 
organic geochemical characterization of rocks. 
Comprehensive studies of numerous samples of different 
ages and environment, f rom all over the world, have led to 
the conclusion that the minimum values of Corg content are 
D.5 % for immature detrital source rocks and 0.3 % for 
:arbonate-type source rocks (Hunt, 1972; Tissot and Welte, 
1984). The standard pyrolysis method (Rock Eval), 
developed by Espitalie et al. (1977), is a good tool also for 
source rock characterization and evaluation of samples 
containing more than 0.3 % of Corg. However, our 
experiences based on thousands of Rock Eval pyrolyses, 
show that this method gives fair information about the 
organic features of the rocks containing at least 0.2 % of Corg. 
Considering this observation, half of the samples (Corg >0.2 
%) could be selected for more detailed organic geochemical 
characterization (Table 2). 
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Fig. 2: Corre la t ion be tween the two carbon fo rms in 
Sut-17 well 
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On the basis of carbonate contents, 
two groups of the selected samples can 
be differentiated. More than two thirds of 
these samples are also relatively rich in 
carbonate minerals Ссагь >6 %). The 
average value of the Corg content is 1.6 
times lower for these rocks than for those 
containing less than 6 % of Сса,ь (Table 
3). Cyclic variations of Cc.„f, and C0lg 
content can be interpreted to mean that 
water depth repeatedly changed during 
the deposition of the studied successsion. 
According to Haas (1993) the shallow 
subtidal carbonate beds (e.g. 456-462.5, 
500-504.5 m depth) in the cyclic Kossen 
Formation are similar to those of the 
subtidal С members of the Lofer cycles 
in the Dachstein Formation suggesting 
similar depositional conditions. With 
the sea-level rise the carbonate 
sedimentation was gradually replaced by 
deposition of argillaceous sediments (e.g. 
462.5-475,490-500, 504,5-512 m depth). 
The increasing terrestrial contribution 
can be recognized not only in the 
decreasing carbonate content but in the 
increasing organic carbon content of the 
samples, too. This observation indicates 
that OM probably originated mainly 
from terrestrial-derived precursors. 
Petroleum source potential 
Petroleum source potential 
(referred as SP in this paper) represents 
the amount of hydrocarbon compounds 
(oil and gas) which can be generated 
by a rock during thermal evolution. 
In contrast with the previously 
studied sequences of the Upper Norian 
Kossen Formation, which were 
classified as good oil-source rocks (Zl-
1 well) and as excellent ones (Rzt-1 
well), Sut-17 well penetrated a non oil-
source succession of the Kossen 
Formation. SP of the selected samples 
ranges from 0.08 to 2.41 mg HC/g rock 
(Table 2), with an average of 0.53 mg 
HC/g rock (Table 3). According to 
classification suggested by Tissot and 
Welte (1984), rocks having SP of less 
than 2 mg HC/g rock correspond to 
gas-prone rocks or non-generatjve 
ones. Owing to the negligible amount 
of oil and minor amount of gas 
generated by these rocks, they 
rated as non-source ones in 
commercial sense (Espitalie 
Bordenave, 1993). 
Independently both of their Ссагь and 
Corg content, selected samples have 
similar source potential. The average SP 




Depth S I S 2 S P T i max H I O I Type of Organic г '-org 
(m) kerogen facies 
4 3 5 . 0 0 . 0 6 0 . 2 9 0 . 3 5 4 0 6 7 4 8 7 III CD 0 . 3 9 
4 3 5 . 8 0 . 0 2 0 . 0 6 0 . 0 8 3 6 7 7 5 1 I V D 0 . 8 0 
4 3 7 . 0 0 . 0 7 0 . 3 0 0 . 3 7 3 7 6 7 5 5 7 III CD 0 . 4 0 
4 3 7 . 5 0 . 0 6 0 . 2 7 0 . 3 3 3 9 6 6 9 71 III CD 0 . 3 8 
4 3 9 . 3 0 . 0 2 0 . 2 0 0 . 2 2 4 1 1 3 7 4 3 I V D 0 . 5 3 
4 3 9 . 8 0 . 0 2 0 . 2 9 0 . 3 1 4 1 3 5 2 4 9 III CD 0 . 5 5 
4 5 3 . 5 0 . 0 9 0 . 4 1 0 . 5 0 3 9 6 4 8 2 7 I V D 0 . 8 5 
4 5 4 . 0 0 . 0 2 0 . 1 8 0 . 2 0 4 0 6 3 5 3 3 I V D 0 . 5 1 
4 5 5 . 5 0 . 0 3 0 . 1 8 0 . 2 1 3 9 9 5 1 6 0 III CD 0 . 3 5 
4 6 3 . 7 0 . 0 6 0 . 2 1 0 . 2 7 3 9 4 6 0 8 0 III CD 0 . 3 5 
4 6 4 . 0 0 . 0 1 0 . 1 1 0 . 1 2 3 9 8 4 5 1 2 5 I V D 0 . 2 4 
4 7 1 . 5 0 . 0 1 0 . 1 6 0 . 1 7 4 0 1 4 7 4 5 I V D 0 . 3 4 
4 7 1 . 8 0 . 0 6 0 . 3 6 0 . 4 2 4 0 1 6 5 4 0 III CD 0 . 5 5 
4 7 3 . 3 0 . 0 5 0 . 3 1 0 . 3 6 4 0 2 1 1 9 1 0 0 III CD 0 . 2 6 
4 7 5 . 9 0 . 0 4 0 . 1 6 0 . 2 0 3 9 0 7 6 1 1 9 III CD 0 . 2 1 
4 7 7 . 0 0 . 0 6 0 . 2 5 0 . 3 1 3 9 6 7 3 4 4 III CD 0 . 3 4 
4 8 2 . 5 0 . 0 4 0 . 9 2 0 . 9 6 4 2 1 1 3 7 4 7 II С 0 . 6 7 
4 8 3 . 5 0 . 0 4 0 . 3 7 0 . 4 1 4 0 5 7 2 5 4 III CD 0 . 5 1 
4 8 5 . 9 0 . 0 6 0 . 3 9 0 . 4 5 4 0 7 7 8 6 6 III CD 0 . 5 0 
4 8 6 . 2 0 . 0 5 0 . 2 4 0 . 2 9 4 0 0 9 2 1 0 3 III CD 0 . 2 6 
4 8 9 . 4 0 . 0 7 0 . 8 4 0 . 9 1 4 0 9 131 5 0 III С 0 . 6 4 
4 9 0 . 8 0 . 1 0 2 . 3 1 2 . 4 1 4 1 6 1 8 5 4 4 II-III С 1 . 2 5 
4 9 1 . 1 0 . 1 1 0 . 5 2 0 . 6 3 3 9 9 2 0 8 8 0 II С 0 . 2 5 
4 9 2 . 0 0 . 0 5 0 . 7 2 0 . 7 7 4 0 9 9 3 3 2 III CD 0 . 7 7 
4 9 3 . 0 0 . 0 5 0 . 2 7 0 . 3 2 4 0 8 8 7 6 7 III CD 0 . 3 1 
4 9 3 . 7 0 . 0 2 0 . 1 5 0 . 1 7 4 0 8 7 1 1 1 4 III CD 0 . 2 1 
5 0 1 . 2 0 . 0 1 0 . 1 7 0 . 1 8 4 0 8 8 0 1 0 0 III CD 0 . 2 1 
5 0 4 . 5 0 . 0 6 0 . 3 7 0 . 4 3 4 0 6 7 8 6 1 III CD 0 . 4 7 
5 0 6 . 7 0 . 0 2 0 . 8 9 0 . 9 1 4 1 6 1 3 6 4 9 III С 0 . 6 3 
5 0 8 . 4 0 . 0 5 0 . 2 5 0 . 3 0 4 0 2 6 5 4 4 III CD 0 . 3 8 
5 0 9 . 5 0 . 0 7 2 . 4 2 2 . 4 9 4 1 1 2 9 8 5 4 II ВС 0 . 8 1 
5 1 0 . 8 0 . 0 1 0 . 3 6 0 . 3 7 4 1 2 1 6 3 8 6 II-III С 0 . 2 2 
5 1 1 . 8 0 . 0 5 1 . 3 2 1 . 3 7 4 0 6 1 7 3 3 6 II-III С 0 . 7 6 
5 1 2 . 0 0 . 0 6 0 . 3 0 0 . 3 6 3 9 6 1 5 0 9 5 III С 0 . 2 0 
5 1 6 . 7 0 . 0 5 0 . 3 7 0 . 4 2 4 0 2 7 5 1 0 0 III CD 0 . 4 9 
SI (free hydrocarbons), S2 (pyrolysable hydrocarbons) and SP (source 
potential=S 1+S2) given in mg hydrocarbons/g rock; HI (hydrogen index) given in 
mg hydrocarbons/g Corg; OI (oxygen index) given in mg C0 2 / g Corg, Tm;ix 
(maximum temperature of S2) given in °C, Corg (organic carbon) given in %. 
Table 3: Average values of Rock Eval data calculated for selected samples of 
different carbonate content 
^carb No. of г ̂org 
% 
S I S 2 S P T 1 mux H I O I 
% samples 
< 6 11 0 . 6 5 0 . 0 5 0 . 5 0 0 . 5 5 4 0 2 6 8 4 3 
> 6 2 4 0 . 3 9 0 . 0 5 0 . 4 8 0 . 5 2 4 0 3 1 0 7 7 6 
0 . 4 - 1 1 . 2 3 5 0 . 4 7 0 . 0 5 0 . 4 9 0 . 5 3 4 0 3 9 4 6 6 
SI (free hydrocarbons), S2 (pyrolysable hydrocarbons) and SP (source 
potential=S 1+S2) given in mg hydrocarbons/g rock; HI (hydrogen index) given in 
mg hydrocarbons/g Corg; OI (oxygen index) given in mg C0 2 /g Colg, Tmax 
(maximum temperature of S2) given in °C. 
values are 0.55 mg HC/g rock for the 
samples with C c a r b <6% and average 
Corg 0.65 % and 0.52 mg HC/g rock for 
samples with Ccarb >6 % and average 
-org- 0.39 These observations 
together with the average HI and OI 
values exhibit that not only the 
abundance but the quality of the OM is 
also different in the two groups (Table 3). 
Organic fades 
Nowdays it is widely accepted that 
the source potential of any sedimentary 
rock depends primarily on its organic 
Organic fades distribution, Kossen Basin 23 
facies (Jones and Demaison, 1982). Organic facies is defined 
similarly to other facies, such as biofacies. As proposed by 
Rogers (1980) it refers to a rock body characterized by a 
specific amount, type and source of OM and type of 
depositional environment. Organic facies is primarily . 
determined by the amount and the type of the original OM, 
by the time the OM spends in an oxygenated water column 
and by the oxygen content of the water near the sediment-
water interface during and shortly after deposition (Jones, 
1984). 
Hydrogen index (HI) and oxygen index (01) derived from 
Rock Eval pyrolysis are used as a primary technique for 
evaluating the source potential of rocks and for identifying 
the organic facies. In terms of Rock Eval data measured on 
immature (vitrinite reflectance is 0.5 % R0 or less) OM, four 
types of kerogens (Tissot et al., 1974; Espitalie et al, 1986) 
and seven different organic facies (Jones, 1987) are 
classified. The same organic facies can contain a variety of 
kerogen types in different mixtures. For example, the gas-
prone organic facies C could be composed of dominantly 
vitrinite or a mixture of algal debris and inertinite deposited 
under anoxic water or algal debris that was partially oxidized 
(Jones, 1984). 
According to maturity parameter from Rock Eval 
pyrolysis (Tm;lx <418°C), all of the selected samples contain 
immature OM, hence they are suitable for evaluating the 
organic facies. The low maturity of the OM is also supported 
by vitrinite reflectance (Ro: 0.35 %) measured on six 
samples of different carbonate contents. 
HI values ranging between 7 and 93 mgHC/g TOC for all 
but one sample and 0 1 values lower than 62 mg C0 2 /g TOC 
indicate type III and type IV kerogen in carbonate-lean 
samples. HI and 0 1 values, varying between wider intervals, 
(between 45 and 298 mg HC/g TOC and between 36 and 125 
mg C0 2 /g TOC, respectively) reveal that not only type III 
and IV kerogens but type II kerogens also occur in 
carbonates. 
Four types of the organic facies (BC, C, CD and D), 
defined in terms of HI and 0 1 (Jones, 1987), were observed 
in the series of the selected samples. 
More than half of the selected samples (57 %) contain 
organic facies CD. The proportion of organic facies C and D 
is 23 % and 17 %, respectively. Only one sample represents 
the BC facies. 
The practically non-generative organic facies D (HI <50 
mg HC/g TOC, 01: 20-200 mg C0 2 /g TOC) is strongly 
predominated by OM of the inertinite maceral group. 
Nevertheless, half of the samples containing organic facies D 
are located at the boundary of organic facies D and CD in 
Fig. 3. With regard to the continous transition which can be 
supposed between the two adjacent organic facies, the 
samples having HI values above 45 mg HC/g Corg can also be 
assigned to facies CD. Thus, only three samples from the 
uppermost part of the succession (435.8, 439.3 and 454.0 m) 
represent typical organic facies D. All of them occur in the 
carbonate-poor layers containing C c a r b <6 %. Their very low 
SP (from 0.08 to 0.22 mg HC/g rock) in spite of relatively 
high Corg content (between 0.51 and 0.80 %) suggests a 
highly oxic depositional environment and highly reworked 
terrestrial precursor material. 
Fig. 3: Plot of carbonate-richness of samples versus hydrogen 
index for different organic facies determined in Sut-17 well 
The carbonate-poor rocks (Ccarb <6 %), deposited in 
relatively deeper water when the input of carbonate particles 
from the back stepping platform decreased (Haas, 1993), 
preferentially have organic facies CD (Fig. 3). Both HI and 
0 1 values of these samples vary in a relatively narrow range, 
from 48 to 93 mg HC/g TOC and from 32 to 61 mg C0 2 / g 
TOC, respectively. More than half of the carbonate rocks 
also contain organic facies CD covering the same narrow 
range of HI values for all but one sample (Table 2 and Fig. 
3). 0 1 values ranging between 44 and 125 mg C0 2 /g TOC, 
can show variable oxygenation of the depositional 
environment. However, it is more likely that the high OI 
values are due to the inaccurracy of 01 determination, which 
is common for organically lean carbonates. A great variation 
of organic input can lead to organic facies CD. Terrestrial 
plant remnants in various stages of degradation and reworked 
OM are considered the main precursors of this facies. In 
carbonate sequences highly oxidized algal material can also 
contribute to the OM (Jones, 1987). Organic petrographical 
analysis performed on three samples . indicates the 
predominance of degraded inertinite. However, a relatively 
significant amount of vitrinite and some trace of algal-
derived liptinite were also observed in both of the two 
carbonate-poor samples (492.0, 504.5 m) and in the sample 
representing the carbonate rocks (485.9 m). The higher SP 
determined for carbonate-poor rocks are consistent with their 
higher organic contents (Table 2, 4). This observation 
together with the same narrow range of HI values and 
maceral composition of the OM reveal very similar quality of 
the OM for samples containing organic facies CD. 
Organic facies C (HI: 125-250 mg HC/g TOC, 01: 50-
150 mg C0 2 /g TOC) is considered to be the typical gas-
prone facies. It is composed mainly of partially oxidized 
terrestrial OM and generally occurs in carbonate rocks only 
in limited amount. Nevertheless, several processes can be 
Table 4: Average values of source potential (mg HC/g rock) 
Ccarb Organic facies 
% D CD C BC 
<6 0.25 0.44 2.41 — 
>6 0.15 0.30 0.79 2.49 
average 0.22 0.34 0.99 2.49 
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involved in the formation of organic facies C in carbonate 
rocks. A limited amount of higher plant debris is common 
source of OM composed of mainly vitrinite. However , 
degradation of algal debris, which is the main precursor of 
the oil-prone organic facies AB or B, can also lead to the 
formation of gas-prone C facies. The variation in the oxygen 
content at the water sediment interface can stabilize the 
degrading algal-derived O M in the geochemical 
characteristics of organic facies C (Dean et al., 1981). In 
anoxic environment this facies can also be formed from a 
mixture of algal debris and inertinite. On the basis of our 
results the probable scenario for development of organic 
facies C in carbonate rocks, studied here, is the existence of a 
mixture of different organic precursors deposited in an oxic 
environment. Results of organic petrographical analysis 
performed on two samples (490.8 and 511.8 m) with 
different carbonate content (Cca,t are 3.63 and 8.08 %, 
respectively) exhibit a small amount of algal-derived O M 
beside a significant amount of highly degraded inertinite and 
vitrinite. The algal-derived OM was probably protected f rom 
degradation by inclusion in carbonate skeleton. A similar 
protection effect of carbonate skeleton could play an 
important role in the preservation of marine O M in the 
Triassic-Jurassic boundary section of the Csővár Limestone 
Fm., too. These sediments contain an extremely low amount 
of hydrogen-rich oil prone kerogen (Pálfy et al., 2001). The 
remarkably higher SP of samples, having organic facies C 
compared with samples having organic facies C D (Table 4), 
can be attributed to the minor input of the oil-prone algal-
derived OM. This assumption is confirmed by the different 
ratios of the average values of Co r g content (1.5) and that of 
SP (2.9) calculated for samples containing C and C D facies. 
Despite the minor well preserved oil-prone algal-derived 
input, the O M has gas-prone character. No matter what type 
of kerogen they have, gas-prone rocks produce only a 
negligible amount of oil. It can be due to the adsorption of 
hydrocarbons generated by liptinite macerals on inertinite 
and vitrinite. The adsorbed hydrocarbons are gradually 
cracked within these macerals and not released until the dry 
gas stage of maturation is reached. (Albrecht et al., 1976; 
Behar and Vandenbroucke, 1988). Probably a slightly higher 
proportion of the relatively well-preserved liptinite resulted 
in organic facies B C at the top (509.5 m depth) of the lower 
section containing organic facies C. 
Results presented here indicate interlayerings of organic 
facies C, CD and D. An upward decreasing trend in the H-
richness and in the SP of the studied sequence is manifested 
well by variations of different organic facies. Alternations of 
C - C D and those of CD-D facies are characteristic below and 
above 471.5 m, respectively. 
CONCLUSIONS 
The studied succession is rich in carbonates and contains 
a low amount of organic matter, Co r g content is less than 1 % 
for all but one sample. Cyclic variations observed in both of 
the C c : i r b and Co r g content can be interpreted by cyclic 
alternation of carbonate sedimentation and argillaceous one 
controlled by short-term (100-400 ka) sea-level fluctuation. 
T h e O M is of predominantly terrestrial origin and 
probably accumulated in an oxic environment. 
On the basis of the C c a , b and Corg content three groups of 
the samples can be differentiated. 
1) Half of the samples is composed of mainly carbonate 
minerals ( C c a i b > 1 0 %) with very low Co r g content (<0.2 %). 
These rocks can not be considered as source rocks, either for 
oil or gas and they are not available for assessment of 
organic facies. Most of them were formed during shal low 
subtidal carbonate sedimentation. Due to the highly oxic 
environment only a negligible part of the O M was preserved. 
2) During sea-level rise due to backstepping of the 
carbonate producing platform the predominantly carbonate 
sedimentation was progressively replaced by an argillaceous 
one (Haas, 1993). Decreasing carbonate content is associated 
with slightly increasing abundance of organic carbon. About 
35 % of the samples (average Cc a i b content is 9 %) deposited 
in relatively deeper water during sea-level rise, when a 
slightly higher proportion of the O M was preserved resulting 
in a continous suite of organic facies D-CD-C-BC in the 
rocks with 0.39 % of average Corg content. More than half of 
these samples contains organic facies C D with low SP (0.34 
mg HC/g rock). OM is predominated by degraded inertinite 
and vitrinite. The significantly higher SP (0.99 mg HC/g 
rock) of C facies, and that of the only sample containing BC 
facies (2.49 mg HC/g rock), can be attributed to a minor 
amount of algal-derived liptinite which was probably 
preserved by inclusion in carbonate skeleton. 
3) The further sea-level rise associated with increasing 
land-derived contribution resulted in lower abundance of 
carbonate minerals (Cca,b <6 %) and higher amount of O M 
(average Co r g is 0.65 %) for the 15 % of the samples. The O M 
originated practically only f rom terrestrial-derived 
precursors. These rocks contain organic facies D (SP: 0.25 
mg HC/g rock), composed of inertinite, and preferentially 
organic facies C D (SP: 0.44 mg HC/g rock), composed of 
inertinite and vitrinite. 
The different SP of the rocks, containing the same 
organic facies and different carbonate content, is consistent 
with their C01g content. 
SP displays much scatter and upward decreasing trend. 
Cyclic alternations of C D facies and the gas-prone C facies 
are characteristic of the lower section of the studied 
succession. Variations of C D facies and non-generative D 
facies were observed for the upper section. 
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ABSTRACT 
The Baba schists and gneisses, in the extremely northwestern part of the metamorphic belt of Sinai, have been discussed in terms of the mode 
of occurrence, evolution of mineral chemistry, major, trace and rare earth elements (REE) and age dating. They exhibit a trondhjemitic 
composition and comprise four metamorphic zones, namely the chlorite, biotite, almandine and cordierite zone. They are derived from pelitic 
+ semi-pelitic rocks affected by three episodes of metamorphism. The first episode is a low-grade regional metamorphism of greenschist 
fades, the second episode is lower amphibolite facies metamorphism with higher temperature and similar pressure followed by the third 
episode of a retrograde metamorphism with decreasing temperature and pressure. 
Chemically, the schists and gneisses are similar to crustal sediments and evolved intermediate igneous rocks, which are the source of these 
sediments. .We assume that, they represent metamorphosed pelitic and intermediate volcanoclastic sediments that underwent hydrothermal 
alteration and were affected by metamorphic differentiation and partial melting. The schists and gneisses have REE patterns analogous to the 
intermediate igneous rocks of island arc. There are minor but interesting differences between schists and gneisses. The gneisses are characterized 
by higher contents of T i 0 2 , Hf, Ta, U, Zr, Nb and REE and lower contents Sc, Cr and Co relative to the schists, probably due to the influence of 
the accessory zircon, apatite and monazite and/or the more pronounced effects of the metamorphic differentiation on the gneisses. 
K-Ar age dating of gneisses gives ages of 620 ± 24 Ma and 602 ± 23 Ma. The former age may represent the nearest estimated age for the 
formation of the protolith of the gneisses, meanwhile, the second one probably records the age of metamorphism. The schists yield an age of 
549 ± 22 Ma, which may be represent the late retrograde metamorphism effected the schists. 
Key words: gneisses, schists, Southern Sinai, mode of occurrence, geochemistry, K-Ar age dating, origin, and metamorphic evolution 
INTRODUCTION 
Metamorphic rocks are of limited distributed in Sinai 
massif and represent, together with some sediments, the 
oldest rocks in the Precambrian area of the district. They are 
believed to have formed through regional metamorphism 
took place about 1100-1300Ma (El-Shazly et al., 1973; 
Siedner et al., 1974). These rocks occur in a few exposures in 
Sinai. The larger exposure is the Wadi Feiran-Solaf belt 
(Akaad et al., 1967 a, b, 1988; El-Gaby, Ahmed, 1980) 
which locates only about 30 km south of the studied 
area.Some of the metamorphic rocks of the Wadi Baba area 
under study have been examined and mapped by El-Aref et 
al. (1988, 1989). They studied the geology geochemistry and 
fabric evolution of the migmatitic rocks. According to them 
these migmatitic rocks are formed by migmatization 
processes including metamorphic differentiation, limited and 
higher degrees of partial melting and were metamorphosed 
up to amphibolite facies. Only a few age dating of some 
schists and gneisses f rom the metamorphic belt of Sinai have 
been discussed. Elat schists yielded 807 ± 35 Ma with Sr87/ 
Sr86 initial ratio of 0 .7030 for the biotite-muscovite chlorite-
garnet schist (Halpern, Tristan, 1981) and 791 ± 48 Ma with 
0.7030 initial ratio for age of sedimentation of the biotite-
muscovite-amphibole schist (Bielski, 1982). The latter author 
reported that the Feiran and Fjord gneisses have age of 641-
656 Ma with initial Strontium ratio of 0.7073-0.7043. Stern 
and Manton (1987) reported that the Wadi Feiran 
paragneisses gave 632 ± 3 Ma for the U-Pb zircon age and 
610 Ma ago for Rb-Sr whole rock dating. This paper 
discusses the petrology, mineral chemistry, geochemistry and 
age dating aspects to through light on the origin, the tectonic 
environment and the conditions that prevailed during the 
metamorphism of these rocks. 
METHODS 
Thirty nine chemical analyses of chlorite (9), muscovite 
(6), biotite (11), garnet (10) and cordierite (3) f rom the 
schists and gneisses of Wadi Baba area, southwest Sinai have 
been carried out using a computerized A M R A Y - 1 8 3 0 IT6 
electron microprobe analyzer operated at 20 K V accelerating 
voltage, with 1-2 nA specimen current. Ten rock samples 
f rom schists and gneisses were analyzed for major elements 
by standard wet chemical technique. Also, six of these 
samples were analyzed for the trace elements Sc, Cr, Co, Zn, 
Rb, Ba, Cs, Hf, Ta, Th, U, Sr, Nb, Y, Zr and rare earth 
elements (REE). Trace elements were determined by 
standard instrumental neutron activation analysis ( INAA) 
except for Nb, Y and Zr which were measured by the optical 
atomic spectro-photometry method (PGS-2C Zeiss Jena) and 
R E E in the Atomic Reactor of Technical University and Sr 
by atomic absorption technique (AA 474). The analyses of 
microprobe and major elements together with Sr, Nb, Y and 
Zr were carried out in the Department of Petrology and 
Geochemistry of Eotvos University and trace elements 
University, Budapest . Selected three analyses for biotite 
fractions separated f rom the studied schist and gneiss were 
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measured by K-Ar age dating method. 
The analyses were carried out in the 
Institute of Nuclear Research 
(ATOMKI) of Hungarian Academy of 
Science in Debrecen, Hungary. 
GEOLOGICAL SETTING 
Schists and gneisses of Wadi Baba 
constitute an important part in the 
metamorphic belt of the extreme 
northwestern Sinai massif (Fig. 1). 
This belt forms isolated small bodies 
(up to 2 km2) exposing in Wadis Baba, 
Hamata, el-Sih, Nukhul and Khaboba. 
Many more occurrences of the belt are 
certainly hidden under widely 
distributed thick beds of the Cambrian 
Ordovician sandstone (Weissbrod, 
1969) and Carboniferous carbonates 
(EL-Aref et al., 1988). Schists and 
gneisses under study constitute the 
main rock types of Baba metamorphic 
belt. They form low to moderate hilly 
rocks, tectonically controlled, trend 
N N W - S S E and N W - S E direction and 
exhibit a pronounced banded structure. 
The general dip of foliation is N W - S E 
direction with angle dip of 120° / 30°. 
The studied schists and gneisses are 
dissected by number of pegmati te and 
quartz veins, which are often 
intercalated with the general trend of 
foliation. The schists and gneisses are 
deep green to dark grey in colour. The 
grain size, type of mineral assemblage 
and grade of metamorphism appear to 
be graded f rom schists to gneisses. 
These rocks are enclosed in the older 
granites, intruded by younger granites 
and cut by mafic and felsic dykes and 
are regionally overprinted by 
greenschist to lower amphiboli te 
f ades . The older granites are massive 
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Fig. 1. Location map of the studied schists and gneisses of Wadi Baba area, SW-
Sinai. A, B and C) geological maps fo r 'Wad i s el-Sih, Khaboba and Nukhul and 
Hamata areas. Designation: l=Metamorphic rocks, a) schists, b) gneisses; 
2=Metagabbro-diori te complex; 3=01der granites; 4=maf ic dykes; 5=Younger 
granites; 6=felsic dykes; 7=pegmatit ic veins; 8=quartz veins; 9=basaltic dykes; 
10=Phanerozoic sediments; 11= Wadi deposits: 12= sharp contacts; 13=gradational 
contacts; 14=minor tectonic lines; 15=major normal faults 
to gneissose, coarse-grained, dark grey 
colour and range in composit ion f rom 
quartz diorite to granodiorite. The 
younger granites are medium to coarse-
grained and occasionally porphyritic, 
pinkish in colour and range from 
monzogranite to syenogranite and even 
alkali feldspar granite. They show 
irregular contact with metasedimentary 
country rocks. Due to the intrusion of 
granitic rocks, the original low-grade 
metasediments (chlorite schists) are 
subjected to contact metamorphism 
and subsequently t ransformed into 
medium-grade pelitic to semi-pelitic 
schists and gneisses. 
Table 1. The main pétrographie features of the Baba schists and gneisses. 














alb, bio, qz, gt, mus. 
olig, bio, qz. 
olig, bio, qz, gar. 
ab, bio, qz, gar, sil. 
ab, bio, qz, crd, sil. 
olig, bio, qz, kf. 
olig, bio, qz, crd, kf. 
olig, bio, qz, cord, gar. 
olig, bio, qz, crd, sil. 
zir, ap, tou. 
zir, ap. 
zir, ap. 
zir, ap, tou. 





















Abbreviations - Minerals: alb=albite, and=andesine, ap=apatite, bio=biotite, chl= chlorite, cord=cordieri te , gt=garnet, 
kao=kaolinite, kf=k-feldspar , mon=monazi te , mus=muscovite , olig=oligoclase, qz=quartz, ser=sericite, sil=sillimanite, 
tou=tourmaline, zir=zircon. Textures: grabl=granoblastic, hel=helicitic, lepbl=lepidoblastic, poikbl=poiki!oblastic, 
porbl=porphyroblastic 
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PETROGRAPHY 
Microscopically, these rocks made 
up of plagioclase, biotite, quartz, 
garnet, chlorite, muscovite and 
cordierite ± sillimanite. The accessory 
phases include zircon, apatite, 
tourmaline and monazite. The main 
secondary phases comprise chlorite, 
sericite and kaolinite. The main 
pétrographie features including the 
pétrographie varieties, textures and 
mineral assemblages are summarized 
in Table 1. Moreover , the modal 
composit ion of the studied rocks is 
listed in Table 2. The present schists 
and gneisses have been affected by 
three main phases of deformations. Di 
is represented by the main foliation of 
the rocks (Si), mineral lineation and 
segregation of quartz streaks parallel to 
the foliation. D 2 resulted in 
deformation of S 2 and the formation of 
Table 2. Results of modal composit ion of Baba schists and gneisses 
Rock name, no. pla bi q mu cr si k ch Acc Su 
Schists. 257 5 2 1 0 2 6 5 - 2 - 3 - 1 0 0 
2 1 0 5 3 15 2 - 3 - - - 3 1 1 0 0 
1 8 3 5 0 9 2 2 4 - 5 - 4 - 1 0 0 
197 54 15 2 - - - 1 - 3 1 1 0 0 
2 8 0 49 4 2 - 4 5 2 - 8 1 1 0 0 
Gneisses: 36 49 23 2 2 - - - 1 1 1 1 0 0 
11 29 3 5 1 - - 2 0 - 1 - 1 1 0 0 
2 6 5 49 15 1 - 4 12 - 1 - 1 1 0 0 
13 48 12 1 - - 17 4 - 2 1 1 0 0 
discordant with Se (Fig. 2B). The 
foliation of the matrix often warps 
around the garnet porphyroblast. Also, 
there is a marked cracking or straining 
in the porphyroblast which is angularly 
discordant with Se.c) Syn-tectonic 
porphyroblast growth in which a 
classic "snowball garnet" with about 
360° rotation during growth (Fig. 
2C).This consists of a spiral pattern 
inclusions within the porphyroblast 
being rolled by shear along the 
schistosity plane as it grew. 
MINERAL CHEMISTRY 
Microprobe data of chlorite, 
muscovite, biotite, garnet and 
cordierite occurring in schists and 
gneisses together with their structural 
formulae are given in Table 3. The 
Fig. 2. Photomicrographs showing the relationship between garnet and timing of metamorphism and deformation: (A) 
nucleation and development of idiomorphic garnet in a fine-grained schist, (B) pre-tectonic porphyroblast growth in which the 
Si and cracking of garnet are discordant with Se, (C) syn-tectonic porphyroblast growth in which classic "snowball garnet" is 
rotated more than 180° during growth 
Table 3. Results of microprobe analysis of selected minerals, Baba schists and 
gneisses 
second mineral lineation. D3 is 
represented by the formation of S 3 and 
development of minor folds, kinks and 
granodioritic veins. The relationships 
between metamorphic textures and the 
timing of metamorphism and 
deformation reveal three stages of 
evolution relative to the pattern of 
inclusions in garnet porphyroblasts (SO 
and the dominant foliation in the rest 
rocks (Se). These features appear in 
Fig. 2 and comprise the following: a) 
Nucleation of garnet in fine-grained 
schist (Fig. 2A) by diffusion of 
material towards a newly formed 
nucleus until the rock has begun to 
equilibrate with it.b) Pre-tectonic 
porphyroblast growth in which the the 
internal fabric (S; ) is likely to be 
Chlorites 
Schist Gneiss 
257 257 257 183 183 183 36 36 36 
F l l F12 F13 H l l H12 H13 M i l M 1 2 M 1 3 
core rim core rim • core rim 
S i 0 2 26.09 26.08 26.16 22.55 25.92 25.6 27.89 27.47 26.90 
AI2O 22.36 22.49 22.85 22.8 23.12 22.73 19.52 19.41 19.94 
FeO, 22.5 22.5 23.02 23.70 23.64 23.7 26.74 26.93 28.26 
M g O 17.25 17.23 17.18 15.85 15.72 15.66 14.23 14.32 13.66 
Sum 88.20 88.3 89.21 87.90 88.4 87.69 88.38 88.13 88.76 
Cation numbers based on 28 Oxygénés 
Si 5.364 5.355 5.326 2.307 5.342 5.329 5.836 5.780 5.664 
A1 5.419 5.444 5.484 5.583 5.617 5.578 4.815 4.815 4.394 
Fe 3.860 3.855 3.911 4.107 4.065 4.117 4.669 4.728 4.965 
Mg 5.283 5.270 5.211 4.904 4.826 4.857 4.436 4.489 4.284 
X m g 0.58 0.58 0.57 0.54 0.54 0.54 0.49 0.49 0.4 
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analyses minerals exhibit major compositional variations. 
Graphical representation of these minerals on the AFM 
diagram (based on Winkler, 1976) is shown in Fig. 3. In this 
figure, the data points of the studied minerals plot in or near 
fields of the same mineral assemblage which characterize the 
pelitic rocks. Chlorites: 3 chlorite grains, 2 from schist and 1 
from gneiss were analysed (Table 3).The analysed chlorites 
were plotted on the Fe t/(Fe,+Mg) ratio versus Si 
classification diagram of Hey (1954) (Fig. 4). In this figure 
the chlorites of the schist fall in the ripidolite field while that 
from gneiss fall in the pycnochlorite field. The analysed 
chlorites from gneiss are enriched in Si compared with that 
from schist. Nevertheless, the Mg decreases and the Si 
increases from schist to gneiss with progressive 
Table 3 continued 
Muscovites Cordierrites 
Schist Gneiss Schist Gneiss 
257 257 257 36 36 36 280 280 13 
G i l G12 G13 L l l L12 L13 M i l M12 N11 
core rim core rim core rim 
S i 0 2 46.37 45.66 46.92 46.23 46.70 45.82 S i 0 2 47.50 47.20 46.85 
AI2O3 33.66 34.49 34.14 34.47 .4.23 34.94 A1203 61.60 32.38 30.81 
T i 0 2 0.78 0.50 0.35 0.67 0.63 0.58 FeO, 8.65 8.73 9.62 
FeO, 0.79 1.81 0.85 0.93 1.21 1.14 MnO 0.05 0.04 0.05 
MgO 1.33 1.51 1.32 1.28 1.16 1.18 MgO 8.52 7.55 733 
N a 2 0 1.67 1.86 1.77 1.71 1.78 1.72 CaO 0.54 0.52 0.53 
K 2 0 9.77 9.34 0.11 9.22 9.27 ' 9.55 N a 2 0 0.05 0.55 0.59 
Sum 94.30 98.17 95.46 94.51 94.98 94.64 K 2 0 0.45 0.48 0.49 
Cation numbers based on 22 Oxygénés Sum 97.82 97.45 96.27 
Si 6.240 6.104 6.241 6.178 6.218 6.120 Cation numbers based on 18 Oxygénés 
Al,v 1.760 1.896 1.759 1.822 1.782 1.880 Si 4.930 4.680 4.520 
Z 8.000 8.000 8.000 8.000 8.000 8.000 Al 3.681 3.794 3.580 
Alv , 3.578 3.538 3.593 3.607 3.589 3.620 Fe, 0.847 0.872 0.993 
Ti 0.079 0.050 0.035 0.067 0.063 0.058 Mn 0.004 0.003 0.004 
Fe 0.092 0.202 0.094 0.104 0.135 0.127 Mg 1.550 1.580 1.482 
Mg 0.236 0.301 0.252 0.225 0.230 0.232 Ca 0.103 0.102 0.182 
X 3.985 4.091 3.974 4.003 4.017 4.017 Na 0.050 0.060 0.065 
Na 0.436 0.482 0.456 0.443 0.459 0.455 K 0.060 0.067 0.092 
K 1.577 1.593 1.615 1.572 1.574 1.608 • Xmg 0.66 0.61 0.60 
Y 2.013 2.075 2.061 2.015 2.021 2.063 
Xmg 0.75 0.68 0.73 0.68 0.63 0.65 
Biotites 
Schist Gneiss 
257 257 257 257 257 257 36 36 36 36 36 
D l l D12 D13 E l l E12 E13 C l l C12 C13 C14 C15 
core rim core rim core rim 
S i 0 2 34.81 35.28 35.36 36.03 36.05 35.80 35.79 35.45 35.23 34.47 34.94 
A1203 18.89 18.87 19.09 18.70 18.39 18.56 18.26 18.99 18.66 18.76 18.34 
T i 0 2 2.26 2.28 2.27 3.04 3.03 3.00 2.59 3.09 2.90 2.38 3.20 
FeO, 20.02 20.32 20.81 18.45 18.56 19.14 20.29 20.89 20.80 20.54 20.66 
MgO 9.42 9.64 9.93 10.72 10.47 10.74 8.74 8.35 9.09 10.55 8.98 
K 2 0 9.15 9.08 9.19 8.82 9.03 8.54 8.83 8.77 8.70 8.26 8.95 
Sum 94.55 95.47 93.65 95.76 95.53 95.78 94.51 95.54 94.38 94.96 95.07 
Cation numbers based on 22 Oxygénés 
Si 5.319 5.336 5.297 5.372 5.399 5.348 5.454 5.354 5.366 5.318 5.322 
Al,v 2.681 2.664 2.703 2.628 2.601 ' 2.652 2.546 2.646 2.634 2.682 2.678 
Z 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 
Alv, 0.721 0.700 0.669 0.658 0.645 0.616 0.734 0.734 0.716 0.712 0.614 
Ti 0.260 0.259 0.256 0.341 0.341 0.337 0.397 0.351 0.332 0.285 0.366 
Fe 2.134 2.150 2.167 1.920 1.942 1.999 2.167 2.198 2.102 2.3034 2.191 
Mg 2.145 2.173 2.217 2.382 2.337 2.392 1.985 1.880 2.064 2.314 2.039 
Y 5.260 5.282 5.309 5.301 5.365 5.344 5.293 5.153 5.204 5.335 5.210 
K 1.783 1.752 1.756 1.677 1.725 1.628 1.717 1.690 1.690 1.646 1.739 
X 1.783 1.752 1.756 1.677 1.725 1.628 1.717 1.690 1.690 1.646 1.739 
Xmg 0.50 0.50 0.51 0.55 0.55 0.55 . 0.48 0.42 0.50 0.50 0.48 
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Table 3 continued 
Garnets 
Schist . Gneiss 
257 257 257 257 257 265 265 . 265 265 265 
B l l B12 B13 B14 B15 A l l A12 A13 A14 A15 
core rim core rim 
S i0 2 36.17 36.29 36.06 35.63 36.11 36.00 36.00 36.12 36.27 36.30 
A1203 19.86 20.04 19.89 20.08 20.11 19.87 19.82 20.04 20.35 20.11 
CaO 2.38 2.34 2.84 2.66 2.74 2.79 2.72 2.79 2.29 2.89 
MnO 2.85 2.67 1.81 1.60 1.90 3.88 3.72 3.89 3.91 3.88 
MgO 3.39 3.25 2.88 2.91 2.91 3.04 2.98 2.71 3.29 3.13 
FeO, 34.94 35.19 36.36 36.69 36.75 33.44 33.76 33.58 34.33 33.77 
Sum 99.59 99.75 99.89 99.57 99.99 99.02 99.00 99.13 99.99 99.99 
Cation numbers based on 22 Oxygénés 
Si 2.959 2.962 2.953 2.929 2.940 2.961 2.963 2.967 2.943 2.954 
Al,v 0.041 0.038 0.047 0.071 0.060 0.039 0.037 0.033 0.057 0.046 
Z 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 
Alvi 1.864 1.880 1.862 1.864 1.860 1.877 1.886 1.897 1.879 1.873 
Fe3 + 0.136 0.120 0.138 0.136 0.140 0.123 0.114 0.103 0.121 0.127 
Y 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 
Fe2+ 2.243 2.280 2.330 2.321 2.322 2.175 2.202 2.222 2.181 2.158 
Mn 0.197 0.184 0.125 0.111 0.131 0.270 0.259 0.271 0.269 0.267 
Mg 0.413 0.395 0.351 0.357 0.353 0.373 0.366 0.332 0.398 0.380 
Ca 0.209 0.205 0.249 0.234 0.239 0.246 0.240 0.245 0.199 0.252 
X 3.062 3.064 3.055 3.023 3.045 3.064 3.067 3.070 3.056 3.057 
Xmg 0.15 0.14 0.12 0.13 0.12 0.14 0.14 0.13 0.15 0.14 ' 
End members 
Aim. 73.2 73.1 76.1 74.4 75.9 71.0 71.0 72.0 71.4 70.5 
Pyr. 13.3 13.1 11.4 10.0 11.5 12.1 12.0 11.1 13.0 12.3, 
Ynd. 6.7 7.0 6.9 6.5 7.0 6.2 6.3 5.1 6.0 6.2 
Spess. 6.5 6.0 4.0 3.1 4.1 8.7 8.6 9.0 8.6 8.7 
Gros. 0.2 0.8 1.6 2.0 1.4 2.0 2.0 2.8 1.0 . 2.2 
Fig. 3. Graphical representation of the analysed chlorites, 
biotites, garnets and cordierites into the AFM diagram 
(Based on Winkler, 1976). A= A1203-3K20/(A1203-
3 K 2 0 + F e 0 + M g 0 ) (moles), M= MgO/(MgO+FeO) (Moles) 
Fig. 4. The analysed chlorites plotted into Fe/(Fe+Mg)-Si 
classification diagram (after Hey, 1954) 
I 
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metamorphism. Fet increases and Mg decreases from core to 
rim of the grain. Moreover, the rim of chlorite grain in gneiss 
is richer in Fet and poorer in Mg compared with that of schist 
showing evolutionary trend with the prograde 
metamorphism. Hyndman (1985) suggested that the 
composition of chlorites range f rom Fe-rich in chlorite zone 
to Mg-rich in garnet&staurolite zone [i.e. Fe, /(Fe, +Mg) 
ratio=0.5-0.8|. The analysed chlorites are Mg-Fe chlorite 
series and range from 0.55-0.67 with an average of 0.6, 
indicating their similarity with that formed in the chlorite 
zone. Muscovites are plotted on classification diagram of 
Harrison (1990), (Fig. 5A). In this figure the analysed 
samples from both schist and gneiss fall near the muscovite 
end member. Miyashiro (1973) classified the zones of 
muscovites into chlorite, biotite and almandine and stuarolite 
and sillimanite zones based on A1203 and FeO, contents. The 
present muscovite plots in the field of the muscovite co-existing 
with the chlorite, biotite and almandine zone (Fig. 5B). 
The studied muscovites have higher Si and lower Al and 
Na suggesting their occurrence in the chlorite zone. Lambert 
(1959) mentioned that the muscovite of the chlorite zone 
have higher Si and Fet and lower Al and Na contents than 
those of the biotite or garnet zone. Biotites: the investigated 
biotite include 2 grains f rom schists and 1 f rom gneiss (Table 
3). The composition of biotites from the studied schists and 
gneisses are shown in Fig. 6 in terms of Al, Mg and Fe (after 
Nemec, 1972). This figure indicates that the analysed biotites 
fall on siderophyllite-eastonite line showing an equal values 
of these terms. Several studies have concluded that the Ti 
and Mg contents of biotite increase with increasing grade of 
metamorphism (Guidotti, 1984). The analysed biotitea are 
characterized by increase of Mg (from 2.15 and 2.38 in core 
to 2.22 and 2.4 in rim of the schists and from 1.99 in core to 
2.04 in rim of the gneisses) with increasing grade, suggesting 
an increase in metamorphic grade f rom cor to rim of biotite 
flakes in both schists and gneisses. This increase of Mg in 
biotite is equilibrated partially with the decrease of Mg in the 
chlorite. Garnets were represented by 1 grain from each of 
schist and gneiss. (Table 3). The composition of garnets are 
shown in Fig. 7, in terms of pyrope, andradite+ grossular and 
almandine end-members. In this f igure the analysed garnets 
are almandine showing their pronounced Fe2+ contents 
(Alm=70-76 %). The analysed garnets are normally zoned 
particularly in the schists: the M n O contents decrease from 
2.85 in the core to 1.90 in the rim while FeOt increase from 
34.94 to 36.75 in the same direction. The contents of FeO, , 
CaO and A1203 increase while M n O and M g O decrease from 
core to rim of the present almandine crystals f rom schists and 
gneisses. This variation in Fe, Ca, Mn, Mg and Al could be 
interpreted in terms of initial bedding modified by 
subsequent rotation during deformation (Thompson et al., 
1977) or due to the equilibrium of reactions between the 
garnets and the matrix. Moreover, the analysed almandines 
are analogous to that from metapelites of the high 
temperature part of the almandine zone of the Barrovian 
region which commonly contain about 0.6% MnO, 28% 
FeO„ 3-4% M g O and several percent CaO (Atherton, 1968). 
The isograde of this almandine probably closes to the 
epidote-amphibolite facies.Cordierites are mostly classified 
into magnesian- or iron cordierite. The analysed cordierites 
consist mainly of S i 0 2 and A1203 and equal amounts of FeO 
classification diagram (after Harrison, 1990) and (B) FeOt-
A1203 diagram (after Miyashiro, 1973) 
classification diagram (after Nemec, 1972) 
Pyrope — 
\ \ 
Andradite+ Almandine And*Gro Aim 
Grossular 
Fig. 7. The analysed garnets plotted into pyrope-andradite 
+Grossular-almandine diagram 
and M g O contents. Consequently, they are analogous to the 
Fe-Mg cordierite. 
The analysed minerals are characterized by X M g cord 
(0.66-0.60, with average of 0.63) > chl (0.49-0.58, average 
0.53) > biot (0.42-0.55, average 0.50) > gar (0.12-0.15, 
average 0.14). This results are consistent the data given by 
Yardley (1989) who reported that the X M g cord > X M g chl 
> X M g biot > X M g gar in the pelitic rocks. 
THERMOBAROMETRY 
The following series of metamorphic zones have been 
delineated on the basis of mineral changes in response to P-T 
conditions. The pelitic chlorite in low grade metamorphic 
assemblage has crystallized at T=400 °C and P H 2 0 + 2 kb. 
(Winkler, 1976). Chlorite become unstable at T=505-555 °C 
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and P=0.5-4 kb (Velde, 1964). Biotite breaks down at 
temperatures between 400 °C and 800 °C at 2 kb depending 
on the oxygen fugacity. The studied biotite has Mg/(Mg+Fe) 
ratio of about 0.5. This ratio is similar to that given by 
Wones, Eugster (1965) (i.e. 0.45) for the biotite stable up to 
800 °C. This indicates that the stability of present biotite is 
less than 800 °C. The stability of almandine under low 
oxygen fugacity is expanded greatly with increasing 
pressure: at 2 kb in the presence of H 2 0 it is stable up to 350 
°C and this range increases to nearly 850 °C at 20 kb in the 
absence of H 2 0 (Hsu, 1968). Nevertheless, the stability of 
the analysed almandine is less than 850 °C. Pure Mg-
cordierite has its lower stability limit around 500 °C at 2 kb. 
The upper stability limit of this cordierite is about 7 kb. In 
dry systems. Fe-cordierite is similar to its Mg-member in 
respect to the lower temperature limit. The upper stability 
limit of Fe-cordierite is about 3.5 kb at 700 °C (Richardson, 
1968). Accordingly the stability of present Mg-Fe cordierite 
is more than 500 °C. 
GEOCHEMISTRY 
The applicability of the chemical data (Table 4, 5), in 
illustration of metamorphic evolution, depends to a large 
extent on the amount of chemical alteration, mobility and 
Table 4. Results of the chemical composition of Baba schists and gneisses 
Schists Gneisses 
257 280 183 210 142 Av.5 13 36 15 11 266 Av.5 
Si0 2 69.23 65.96 64.05 63.12 61.85 64.8 65.70 65.68 63.20 62.11 62.02 63.7 
T i 0 2 1.06 0.89 1.35 0.71 1.13 1.0 1.05 0.60 1.44 1.65 1.03 1.2 
AI2O3 13.53 14.63 14.40 14.66 15.24 14.5 14.76 14.54 15.80 15.59 15.71 15.3 
Fe 2 0 3 0.18 0.28 <0.10 3.26 0.84 0.9 0.85 2.16 0.15 <0.10 0.37 0.7 
FeO 4.36 4.55 6.48 2.95 6.05 4.9 5.20 3.75 6.70 6.80 5.73 5.6 
MnO 0.06 0.08 0.07 0.07 0.08 0.7 0.07 0.07 0.06 0.06 0.05 0.6 
CaO 1.45 1.12 1.30 2.53 1.94 1.7 1.73 2.44 1.52 1.88 1.78 13.9 
MgO 2.87 3.62 3.53 3.42 2.98 3.3 2.84 2.99 3.60 3.65 3.45 3.3 
N a 2 0 2.82 3.03 3.37 3.77 2373 3.1 3.05 3.30 2.99 2.79 2.87 3.0 
K 2 0 1.97 2.07 1.82 2.23 1.87 2.0 1.93 1.30 2.11 2.60 2.55 2.1 
H20" 0.45 0.50 0.42 0.68 0.55 0.5 0.48 0.43 0.40 0.34 0.41 0.4 
P2O5 0.10 0.12 0.13 0.20 0.09 0.1 0.17 0.18 0.21 0.05 0.07 0.1 
LOI 1.82 2.72 2.50 2.30 2.84 2.7 1.64 2.53 1.70 1.96 2.64 2.7 
Sum 99.90 99.43 99.52 99.99 98.19 99.2 99.47 99.97 99.88 99.58 98.68 .99.6 
Sc 17.5 16.3 18.2 - - 17.3 - 15.0 18.8 19.7 - 17.8 
Cr 155.0 210.0 133.0 - - 166.0 - 183.0 122.0 125.0 - 143.0 
Co 18.3 16.5 18.7 - - 17.8 - 19.2 19.8 19.5 - 19.5 
Zn 205.0 101.0 235.0 - - 180.0 - 208.0 243.0 230.0 - 2270 
Rb 102.0 n.d. 134.0 - - 118.0 - 115.0 153.0 140.0 - 136.0 
Ba 570.0 800.30 433.0 - - 681.0 - 595.0 390.0 380.0 - 455.0 
Cs 3.2 n.d. 3.3 - - 3.2 - 3.4 3.8 3.5 - 3.6 
Hf 5.4 4.9 6.4 - - 5.6 - 8.8 8.2 7.3 - 8.1 
Ta 0.8 0.9 0.8 - - 0.8 - 0.9 1.1 0.9 - 1.0 
Th 8.3 5.2 9.3 - - 7.3 - 7.3 9.8 9.7 - 8.9 
U 2.4 1.9 2.5 - - 2.3 - 2.1 2.9 2.8 - 2.6 
Sr 210.0 232.0 202.0 - - 215.0 203.0 161.0 166.0 - 177.0 
Nb 10.0 13.0 11.0 - - 11.0 12.6 17.0 15.0 - 14.9 
Y 22.0 21.0 24.0 - - 2.2 - 30.0 29.0 27.0 - 28.7 
Zr 134.0 131.0 138.0 - - 134.0 - 155.0 153.0 149.0 - 152.0 
257: Mus-chl-gar-bio schist. 13: Sil-cord-bio gneiss. 280: 
bio gneiss. 210:Gar-bio schist. 266: Gar-cord-bio gneiss. 
bio schist. 36: Bio gneiss. 183: Sil-gar-bio schist. 15 and 11: Cord-
142: Sil-cord-bio schist, n.d.: not detected. -: not analyzed. 
Table 5. Rare earth elements (REE) concentations of Baba schistsand gneisses compared with that of the crust and North 
Schists Gneisses I. II. III. 
257 280 183 Av.3 36 15 11 Av.3 
La 27.6 22.5 29.3 26.4 39.0 33.1 32.5 34.9 31.6 30.0 32.0 
Ce 55.0 47.0 53.7 53.7 70.0 66.0 64.0 66.7 60.2 60.0 73.0 ' 
Nd 23.0 22.0 22.3 22.3 22.0 22.5 22.0 22.2 22.3 28.0 33.0 
Sm 5.7 5.3 5.6 5.6 6.8 6.4 6.1 6.4 6.0 6.0 5.7 
Eu 1.3 1.2 1.2 1.2 1.4 1..8 1.5 1.6 1.4 1.2 1.2 
Tb <1.0 <1.0 1.1 1.1 1.5 1.4 1.2 1.4 1.3 0.9 0.9 
Yb 4.4 4.3 4.5 4.5 4.9 5.4 5.1 5.1 4.8 3:0 3.1 
Lu 0.7 0.7 0.7 0.7 0.9 1.6 1.4 1.3 1.0 0.5 0.5 
I: Average of Baba schists and gneisses. II: Average of continental crust (Taylor, 1964) III: Average of NASC (Haskin et al., 1968). 
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migration of the elements that occurred 
during metamorphism. However, the 
literature shows conflicting opinions 
regarding direction and magnitude of 
alteration (Humphris, 1984). The major 
elements chemistry are considered to 
suffer more changes during 
metamorphism. However, the studied 
rocks are of relatively homogeneous in 
their chemical composition probably 
due to the interlayering habit of the 
schists and gneisses in the field.. This 
is reflected for example in the narrow 
range of their content of S i 0 2 (61.8 
69.2 wt %), Al 2 0 3 (13.5-15.8 wt %), 
FeO (4.5-6.9 wt %) and MgO (2.8-3.6 
wt %) as well as the cluster of the data 
points on the diagrams. On the AFM 
projection (Fig. 8A) which shows the 
relationships between the mineral 
compositions and assemblages, all the 
analyses cluster on the field of chlorite-
cordierite-biotite-garnet. Also on the 
A*KF diagram (Fig. 8B) the analyses 
plot on the field of muscovite-
cordierite-garnet-biotite. Consequently, 
they exhibit a greenschist to lower 
amphibolite facies. T i 0 2 contents are 
moderate (0.6-1.7 wt %). Values of 
LOI (loss on ignition) are above 2.5 wt 
% which is due to several modal 
percent retrograde chlorite. Also, these 
rocks are characterized by dominance 
of soda over potash, high aluminum to 
alkali ratios and high calcium and 
magnesium contents (Table 4) 
suggesting that they were probably 
derived from pelitic sediments. All 
these chemical feature similarities 
indicate that the schists and gneisses 
are comparable and genetically related 
and their metamorphic evolution is 
intrinsic to individual samples since 
they occur as interlayering beds in the 
field. However, there are minor 
differences between them. The schists 
have mildly higher S i 0 2 and lower 
T i 0 2 and CaO contents compared with 
the gneisses. The Niggli al-alk versus c 
diagram is used to distinguish between 
igneous and sedimentary rocks. On this 
diagram (Fig. 9A) the present analyses 
plot in the field of sedimentary rocks 
(shale). Moreover, on the (al+fm) 
(c+alk) versus si diagram (Fig. 9B), 
these rocks fall in the field of the 
argillaceous sediments. The HFS 
(high-field strength) elements 
(particularly the REE) are mostly 
considered to behave relatively 
immobile during metamorphic 
(B) A*KF projections. A*=A1203-Ca0-Na20+3 .33P205 , F = F e 0 + M g 0 + T i 0 2 , 
K=KA102 
Fig. 8. The Baba schists and gneisses plotted into: (A) Niggli al-alk versus c 
diagram (after Evans and Leake, 1960) and (B) Niggli (al+fm)- (c+alk) versus si 
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Fig. 9. The Baba schists and gneisses plotted into: (A) Zr vs Y and Hf and (B) Th 
vs Na and U vs Th 
processes. The concentration of the 
trace elements in the studied schists 
and gneisses are mostly similar 
indicating their genetic relation (Tables 
4, 5). However, there are minor but 
interesting dissimilarities between 
them. Yttrium concentration ranges 
from 21 to 30 ppm, and correlates well 
with the heavy REE (Tb, Yb and Lu, 
Table 5). Concentrations of Zr have a 
clear positive correlation with Y (Fig. 
10A). Also, Zr correlates well with Hf 
and has mean Zr/Hf ratio (about 20) 
which is lower than the the average 
crustal value of about 33. Nb and Ta 
exhibit a good positive correlation. The 
mean Nb/Ta ratio in the schists and 
gneisses (about 15, Fig. 10B) is higher 
than the crustal average of about 11 
(Taylor, Mclennan, 1985). Higher 
contents of Cr and lower Co are 
recorded in the schists compared with 
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Fig. 11. Chondrite-normalized R E E patterns of the studied: (A) schists (B) 
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Fig. 12. The studied schists and gneisses plotted into: (A) F1-F2 diagram (after 
Roser and Korsch, 1988). Fields show provenances of l = m a f i c igneous, 
2=intermediate igneous, 3=felsic igneous rocks and 4=quartoze sedimentary rocks 
and (B) Z r / T i 0 2 vs Nb/Y diagram (after Winchester and Floyed (1977). Fields: 
l=basalt , 2=andesite, 3=dacite-rhyodacite 
Table 6. K-Ar age dating of the biotite fraction f rom Baba schists and gneisses 
Sample name locality No. K(%) 
40 Ar rad. 
(ccSTP/g) 
4 0 AR 
rad. (%) 
Age (Ma) 
Cord-bio gneiss W.Hamata 11 1.034 2.9688-5 75.8 620±24 
Bio gneiss W.el-Sih 36 5.416 1.5024-4 84.0 602±23 
Gar-bio schist W . Baba 60 5.147 1.2827-4 94.7 549±21 
gneisses. Moreover , there are no 
significant correlations among these 
elements (Sc, Cr and Co), nor do they 
correlate well with FeOt. 
Concentrations of R b is high, whereas 
R b and Cs are relatively low in both 
schists and gneisses. R b correlates 
positively with K and has an average 
K/Rb ratio (130) which is signficantly 
lower than the crustal average of about 
250 (Taylor, Mclennan, 1985). 
Concentrations of Th (5.2-9.8 ppm) 
and U (1.9-2.9 ppm) show a significant 
positive correlation (Fig. 10B). The 
average Th/U ratio (3.5 ± 1.2) in the 
schists and gneisses is 
indistinguishable f rom the average of 
crustal value of about 3.8 (Taylor, 
Mclennan, 1985). Moreover , the 
concentrations of Hf , Ta, U, Nb and Zr 
are high in the gneisses compared with 
schists.The R E E data is grouped 
according to assemblage (Table 5) and 
the Chondrite- normalized R E E 
patterns are shown in Fig. 11. Overall, 
the schists and gneisses have similar 
R E E patterns with characteristic 
negative Eu- anomalies. However , the 
gneisses are characterized by higher 
R E E abundance (21-103 times 
chondrites) than the schists (19-90 
times), a variety of metamorphic 
differentiation. R E E patterns (Fig. 11) 
show slightly anomalous kinks for 
heavy R E E (i.e. gneisses) consistent 
with the fact that Tbn<Lun in several 
cases may be a manifestation of a 
zircon effect (Dymek, Smith, 1990). 
The influence of zircon is emphasized 
again by the slight enrichment of Th 
and U and deletion of Nd contents 
which reflect the lack of apatite and 
monazite in the studied rocks.REE 
patterns are characterized by 
fractionated light R E E compared with 
heavy R E E (Lan>Lun). The negative 
Eu anomalies (as well as low Ca and 
Sr) probably correspond to the 
properties inherited f rom the precursor. 
The high abundance of R E E in 
gneisses compared with that in schists 
is attributed to the relative 
concentrations of light R E E in apatite 
and monazite and heavy R E E in zircon 
and garnet during metamorphism 
(Nesbitt, 1979). This feature can be 
ascribed to the changes of fluid 
chemistry. Therefore, compared to 
schists, the gneisses have more 
enriched and fractionated REE 
patterns. Intermediate igneous rocks 
probably represent a more appealing 
precursor for the studied rocks. They 
contain intermediate primary S i 0 2 
contents, intermediate values of Sc, Cr, 
Co; and Zr, Hf , Ta, Th, U contents and 
slightly enriched and fractionated R E E 
patterns (possibly even with negative 
Eu anomalies). They underwent 
hydrothermal alteration. Fig. 12A, a 
discriminant plot using funct ion 1 ( F l ) 
versus function 2 (F2), shows that the 
data points of the studied rocks fall 
within the field if intermediate igneous 
provenance (Roser, Korsch, 1988). 
Moreover , they fall within the fields of 
andesite and dacite on the Z r / T i 0 2 
versus Nb/Y diagram (Fig. 12B). 
DATING 
The results of K-Ar ages are given 
in Table 6. While only few age dating 
are available for the metamorphic 
rocks of Sinai (Bielski, 1982; Stern, 
Manton, 1987), there is no age dating 
have been carried out on the Baba 
schists and gneisses. The measured K-
Ar ages of the separated biotites f rom 
cord-bio gneiss of Wadi Hamata (at the 
entrance of Wadi Baba) and bio gneiss 
of Wadi el-Sih, gave 620 ± 23.9 Ma 
and 602 ± 22.9 Ma respectively (Table 
6) with average of about 611 Ma. This 
average is similar to the Rb-Sr whole 
rock age of the Feiran paragneiss 
(Stern, Manton, 1987). The former age 
(620 ± 24 Ma) probably represents the 
nearest estimation to the age of 
formation of gneisses. The second age 
of gneiss (602 ± 23 Ma ) can be 
interpreted as the higher loss of argon 
of the biotite probably due to the more 
deformed state of Wadi el-Sih gneiss, 
the dynamo thermal as well as the 
effect of the metamorphic processes. 
Alternatively, the two ages of 620 ± 24 
and 602 ± 23 Ma of the gneisses are 
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indistinguishable within the wide error 
limits. The gar-bio schist of Wadi Baba 
yields a 549 ± 20.6 M a age for the 
separated biotite. It can be argued that 
this lower age may result f rom the 
strong effect of the late regression on 
the schists. 
DISCUSSION AND CONCLUSION 
From the former field observations, 
petrography and mineral chemistry of 
this study, it likely that most of the 
metamorphic mineral assemblages in 
the rocks crystallized under the higher 
temperatures reached during the P-T-t 
cycles. Therefore it can be assumed 
that there are three successive episodes 
of metamorphism (the early two 
occurred during prograde while the 
later during the retrograde phase) as 
follow: 
1) The first episode of 
metamorphism was low-grade regional 
metamorphism transforming the 
original sediments to schists with 
mineral assemblage (chlorite, albite, 
muscovite, quartz and biotite) belongs 
to greenschist facies. 
2) The second episode is thermal 
metamorphism induced by granitic 
intrusions on the original rocks 
resulting into contact schists and 
gneisses. The mineral assemblages of 
this phase (plagioclase, quartz, 
muscovite, biotite, garnet and 
cordierite + sillimanite) belong to 
lower amphibolite facies. 
3) The third episode of 
metamorphism is the retrograde 
metamorphism due to decrease in 
temperature and pressure. This 
condition is indicated by the formation 
of chlorite after biotite, garnet or 
cordierite; muscovite and sericite after 
sillimanite together with secondary 
sericite and kaolinite after plagioclase. 
The metamorphic evolution of the 
present rocks ranges f rom greenshist to 
amphibolite facies which is intrinsic to 
individual samples ascribed to the 
interlayering of the schists and gneisses 
in the field. During these successive 
episodes the rocks have been affected 
by three main phases of deformation 
and garnet evolution. In the Baba area, 
the source of the heat for contact 
metamorphism is probably due to the 
intrusions of granites in the middle part 
of the area. The temperature of the 
granitic magma intrusions is generally 
700-800 °C (Winkler, 1976). Near the 
intrusions and the metamorphic rocks 
there is often masses of granitic 
gneisses which exhibited a sign of 
migmatization. T o get an idea on the 
geotectonic position in which the 
sediments were deposited, log 
( K 2 0 / N a 2 0 ) versus S i 0 2 diagram after 
Roser and Korsch (1986) was used. On 
this diagram the studied schists and 
gneisses exhibit the island arc setting 
(Fig. 13A). A systematic relationships 
involving La-Sc-Th-Co-Hf have 
proposed by Mclennan and Taylor 
(1984) and Taylor and Mclennan 
(1985) to indicate crustal sources of 
Archean sediments. Fig. (13B) shows 
data for Baba schists and gneisses 
plotted on TH-Hf-Co and La-Th-Sc 
diagrams. On the diagrams, the data 
fall in the field of NASC (North 
American Shale Composite) of Gromet 
et al. (1984), even nearby the TT 
(Tonalite-Trondhjemite components) 
of the Talyor, Mclennan (1985) of the 
mixture band consistent with 
derivation f rom these kinds of rocks. 
These rocks have high contents of La , 
Sc and Co and low Th and Hf contents. 
However , the gneisses are 
characterized by higher contents of La 
and Hf and lower Th , Sc and C o 
compared with the schists probably due 
to either the influence of minor zircon 
and monazite or the deplet ion of Th 
during low grade metamorphism. The 
studied rocks have high contents of 
incompatible trace e lements (Zr, Nb, 
Y, Hf, Ta, Th, U, REE) . Some or all 
these elements can be harbored 
predominantly in minor mineral 
phases, which could be controlled 
either by small quanti t ies of detrital 
minerals (i.e. zircon, monazite) or 
reflect selective cavenging by these 
phases during metamorphism 
(Dymekm, Smith, 1990). T h e high and 
variable La contents, as well as 
variable chondrite normal ized 
Fig. 13. The studied schists and gneisses plotted into: (A) Log ( K 2 0 / N a 2 0 ) vs S i 0 2 
diagram (after Roser and Korsch, 1986). IA=island arc, ACM=act ive continental 
margin, PM=plate margin and (B) Th-Hf-Co and La-Th-Sc diagrams. Values of 
M=maf ic component, TT=tonali te-trondhjemite component , AUC=Archaean upper 
crust, UC=upper crust and TC=total crust are f r o m Taylor and Mclennan (1985); 
value of NASC=North American Shale Composi te taken f rom Gromet et al. 
(1984). Stippled regions correspond to a mixing band of the composi t ion of 
Archaean sediments and metasediments (after Mclennan and Taylor, 1984) 
La Ce Yb tu 
Fig. 14. Chondrite-normalized R E E plots of the average studied schists and 
gneisses compared to: (A) NASC of Haskin et al. (1968), European and Japanese 
Shale (EJS) of Minami (1935) and Archaean Sediments (AS) of Jenner et al. 
(1981) and (B) range of intermediate igneous rocks f rom continental (A) and island 
arc (B) setting (Cullers and Graf, 1984) 
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(Lan/Smn) ratios, could due to either effect. Zircon, apatite 
and monazite have been observed in thin sections of the schists 
and gneisses. R E E abundance and fractionations have been 
comparable with references REE of the crust (Taylor, 1964) 
and North American Shale Composite (NASC) (Haskin et al., 
1968, Table 5). However, they are slightly enriched in the 
heavy REE abundance with respect to the references. Fig. 14A 
compares the average REE pattern for schists and gneisses to 
those of Archean sediments (Jenner et al., 1981), N A S C 
(Haskin et al., 1968) and European and Japanese shale (EJS) 
(Minami, 1935). It appears that the studied rocks have a light 
REE and negative Eu anomaly quite similar to that from 
Archean sediments, NASC and EJS, but with a higher heavy 
REE pattern probably due to the effect of metamorphism or 
correspond to the properties inherited from the precursor. The 
high concentration of heavy REE in the examined rocks which 
particularly susceptible to complexion, are associated with 
high concentration of alkalis and volátiles (Mineyev, 1963). 
Furthermore, the average REE of the schists and gneisses is 
also partially comparable with the range of REE found in 
continental intermediate rocks (field A) and with the same 
former rocks formed in island arc (field B) after Cullers and 
Graf (1984) (Fig. 14B). In this figure, the average REE of the 
schists and gneisses mostly close to the range of island arc 
intermediate igneous rocks (field B). According to Cullers and 
Graf (op. c i t . ) the island arc rocks have less than 14.5-15 wt % 
A1203, nearly flat REE pattern and negative Eu anomalies, 
which quite similar to the studied rocks. The trace and R E E of 
the studied schists and gneisses should be used for modeling 
partial melting, metamorphic differentiation and crystal 
fractionation processes. From the former petrological and 
geochemical features, it can be reasonably assumed for the 
formation of the' schists and gneisses: formation of 
intermediate igneous rocks \ c weathering, transport and 
deposition / \c metamorphism (regional and contact) leading to 
metamorphic differentiation and possibly partial melting. In 
the present rocks the metamorphic differentiation can be 
evident by the occurrence of bands. The bands probably 
represent synmetamorphic dykes or veins, in some cases 
formed by anatexis, or developed due to preferential 
nucleation of phases in pre-existing structural zones 
(Raymond, 1995). The studied gneisses gave 620 ± 23.9-602 ± 
22.9 Ma K-Ar ages with an average of 611 Ma which 
consistent with the result reported by Stern, Hedge (1985) and 
Stern, Mantin (1987). They concluded that the 
tectonomagmatic episode responsible for the formation of 
these metasedimentary rocks may have been related to the 
610-630 Ma compressional events important in the evolution 
of the Central and Northeastern Desert of Egypt (Stern, Hedge, 
1985; Stern, Mantin, 1987). 
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ABSTRACT 
Mineralogical composition of pelitic sediments of the Great Hungarian Plain is reviewed in this paper. Published data and unpublished 
analyses made in the laboratories of the Geological Institute of Hungary a total of about 150 samples were collected. Determinations were 
made mainly by X-ray diffraction, the data were systematically corrected by comparison with the results of thermal analysis and partly 
chemical analysis. All data were revised and recalculated in a uniform system in order to obtain comparable results. In the bulk composition 
dominant clay minerals are smectite, illite/smectite, illite and chlorite. In the <2 |im fraction the same minerals occur, however, expanded 
phases are more dominant. Triple mixed-layer i 11 ite/smectite/ch 1 orite and kaolinite of various degree of disorder may appear. Clay minerals 
are essentially detrital, derived from various areas of the surrounding Carpathians and Alps. Sub-basins may differ in degree of disorder and 
quantitative proportions of clay minerals and quantitative relations of other phases like calcite, dolomite, quartz and feldspars depending on 
relatively permanent source areas and transport directions. Smaller variations in the transport directions as shown by the micromineralogical 
composition are normally not reflected in the clay mineral record, neither climatic variations during the Pleistocene seem to have significant 
effect. In the South Tisza Basin and Maros Alluvial Fan well crystallised detrital phases prevail while in the Kóros Basin more mature 
sedimentary material of lesser crystallinity, higher kaolinite and very low carbonate contents can be found. The clay, carbonate, feldspar and 
iron minerals deposited may have been modified by flow systems of ground water. In the upper flow regime comprising Pleistocene and 
Pliocene horizons of the South Tisza Basin and Maros Alluvial Fan dissolution of carbonate minerals and albite and ion exchange on clay 
minerals may proceed. In the stagnant ground waters filling the Pleistocene and Pliocene beds of the Kóros Basin neoformation of pure 
smectite and kaolinite from dissolution of albite and dissolution of carbonates may be inferred from hydrogeochemical and mineralogical 
data. Amorphous iron hydroxides underwent crystallisation and reduction producing, in a downward sequence, amorphous "limonite", 
goethite and siderite. No diagenetic K-fixation and illitisation occurs in this level, however, some kind of palaeo-pedological illitisation may 
have occurred in those continental sediments. The first main step of burial diagenetic illitisation as well as of kerogen diagenesis starts in the 
lower groundwater regime which corresponds to the Upper Pannonian stratigraphic horizon, i. e. below the formations discussed in the 
present paper. 
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INTRODUCTION 
The rocks filling the basin of the Great Hungarian Plain 
and other major sub-basins of the Pannonian Basin, the 
Dráva Basin and the Little Hungarian Plain, are mainly 
clastic detrital sediments, the composit ion of which is 
primarily determined by source rocks, conditions of transport 
and sedimentation (Rónai 1985, Jámbor 2001). The unusual 
thickness of the sedimentary column, deposited even in the 
youngest geological periods, in the Upper Pliocene and 
Quaternary, gives way to the secondary processes such as 
incipient burial diagenesis and interaction with the f lowing 
groundwater. 
In the c l a s s i ca l works of the r e s e a r c h t eam of R ó n a i 
( 1972 , 1985) and in s u b s e q u e n t s tud ies , p e t r o g r a p h y 
was m a i n l y res t r i c ted to the m i c r o m i n e r a l o g i c a l 
ana ly s i s ( see e. g. M o l n á r , 1965, T h a m ó - B o z s ó , 1997) . 
L e s s a t t en t ion was g iven to the r o c k - f o r m i n g 
c o m p o n e n t s , such as c lay , c a r b o n a t e and i ron mine ra l s . 
A br ie f s u m m a r y of c lay m i n e r a l o g y of Q u a t e r n a r y 
s e d i m e n t s was m a d e by the p r e s e n t au tho r as par t of a 
b r o a d e r r e v i e w of all H u n g a r i a n l i t hos t r a t i g r aph i c 
f o r m a t i o n s (V icz i án , 1987) . 
In the present review the stratigraphical and regional 
geological summaries of Jámbor (1998, 2001) were chosen 
as geological background. Jámbor (1998) considered that the 
type of Hungarian Quaternary sediments is defined primarily 
by the geomorphological conditions of sedimentation and 
classified sediments as deposited in (I) flatland, (II) hilly and 
(III) mountainous areas (Fig. 1). Sediments of mountainous 
and hilly areas were reviewed recently by Viczián (2002). In 
the fol lowing we shall deal with the flatland areas trying to 
summarise our present knowledge on mineralogical 
composit ion of fine-grained sediments of basin areas. 
Lithostratigraphic formations defined by the Stratigraphic 
Commission of Hungary (Császár, ed., 1997), will be 
grouped according to this major subdivision. In spite of the 
uncertainties inherent of the use of lithostratigraphic names 
in the Quaternary, such units were referred to in the present 
review in order to find a systematic f rame for the discussion. 
Many Quaternary sequences are closely related to the 
underlying Pliocene formations, it is difficult to draw a sharp 
boundary between them. This is the reason why in most 
cases the discussion has been extended to the period 
preceding the Quaternary. 
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METHODS 
Data on the composit ion of 
Quaternary clays are based mainly on 
results of X-ray diffract ion analysis. In 
cases of old X-ray data made in the 
laboratory of the Hungarian Geological 
Institute the original evaluations of the 
X-ray records were revised by the 
present author during the preparation 
of the manuscript in 2001-2002. Such 
data are indicated in the text as 
"revised". When possible, only these 
revised data were used in the 
discussion in order to avoid sources of 
error due to variable authors and 
changing methods during the last 
decades. In addition to X-ray 
diffract ion, the results of other 
analytical methods, especially those of 
thermal analysis will be considered. 
RESULTS: MINERALOGY OF 
QUATERNARY SEDIMENTS OF SUB-
BASINS OF THE PANNONIAN BASIN 
Geological subdivision, basic data 
Out of the three main flatland areas 
in Hungary the most mineralogical data 
are available f rom the Quaternary 
sediments of the Great Hungarian 
Plain (Alföld). The surface of Alföld is 
covered primarily by alluvial deposits, 
wind-blown sand and loess. The 
thickness of the Quaternary varies in 
wide ranges (see the map of Franyó, 
1992 in Nádor et al„ 2000) and may 
exceed 400-600 m in the deepest sub-
basins. There are three major sub-
basins in the Great Plain area (see Fig. 
1): Jászság Basin in the north, South 
Tisza Basin along the Tisza river in the 
south and Körös Basin along the Körös 
river in the east (Rónai, 1985, pp. 69-
71). The Maros river alluvial fan 
borders with the Körös Basin in the 
north and with the South Tisza Basin in 
the west. The sediments filling these 
sub-basins are developed mostly in a 
cyclic fluvial facies. These sequences 
were mostly revealed by the key bore 
holes of the Alföld Programme of the 
Hungarian Institute of Geology in the 
1960-1970 years (Rónai, 1985). 
Important data were obtained also f rom 
other investigations, mostly f rom water 
and CH exploration drill holes. Cross 
sections of the sub-basins along the 
major bore holes are shown in Figs. 2, 
3 and 4, including the basic mineralogy 
of the lithostratigraphic units. 
There is a single bore hole in the 
Dráva Basin, Görgeteg-I, the thick 
Fig. 1. Index map of the Great Hungarian Plain showing geographical local names 
mentioned in the paper. The lines of the geological cross sections shown in Figs. 
2-4 are indicated. The map shows the subdivision of the territory according to 
géomorphologie types of accumulation of Quaternary sediments (Jámbor, 1998, 
Fig. 4). Legend: 1. basin, 2. hilly, 3. mountainous areas 
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Fig. 2. Characteristic bulk mineral and clay mineral assemblages of Pl iocene and 
Quaternary stratigraphie units of the Great Hungarian Plain along cross sections in 
north-east - south-west, and north - south direction. Geological cross section 
across the Jászság and South Tisza Basins according to Rónai (1986, Fig. 4). 
Geological data for the borehole Tiszapalkonya were taken f rom Tanács (1986). 
Abbreviations of the stratigraphie units: Q j : Lowermost Pleistocene, Q2: Lower 
Pleistocene, Q3: Middle Pleistocene, Q4: Upper Pleistocene, Q: Pleistocene 
(undivided), P l j : Lower Pannonian, PI2: Upper Pannonian, PI3: Uppermost 
Pliocene. Legend: Quantity of minerals in the cross sections: capital letters: 
frequent phases, >50 % of total clay minerals, lower case letters: less f requent 
phases. Minerals: S, s: smectite, I/S, i/s: mixed-layer illite/smectite, i/c: mixed-
layer illite/chlorite, I/S/C: mixed-layer illite/smectite/chlorite, I, i: illite, K, k: 
kaolinite, k/s: mixed-layer kaolinite/smectite, C, c: chlorite, Q, q: quartz, kf: K-
feldspar, pi: plagioclase, ca: calcite, do: dolomite, sid: siderite, goe: goethite. In 
brackets: [2pi: . . . ] : characteristic minerals in the <2 jam fraction. 
Mineralogy of Pliocene to Pleistocene pelitic sediments of the great Hungarian Plain 41 
Quaternary sequence of which has been studied for clay 
minerals in the 1990's. Unfortunately, the mineral 
composition is not yet published, only the values of the 
Kiibler index are briefly mentioned by Koloszár et al. (2001). 
We have no clay mineral data so far from young deposits of 
the Little Hungarian Plain. Therefore the mineralogy of 
these sub-basins is not discussed in the present review. 
Results of the X-ray analysis of bulk rock samples are 
included in Table 1, those of the clay fraction in Table 2. The 
compositional ranges given in Table 1 were established in 
the following manner: Quantitative data given in percent 
were rounded up to the nearest 5 percent. In the compilation 
of the tables a few extreme values were not considered. 
Quaternary alluvial deposits of the Jászság Basin 
(Jászladány Clay, Nagyalföld Variegated Clay and 
Kerecsend Red Clay? Formations) and Mezőség (Jászladány 
Clay? and Nyékládháza Gravel Formations) 
The thick Quaternary sequence of the Jászság Basin was 
recovered by the key borehole Jászladány-1 of the Alföld 
Research Programme which crossed 430 m of a fluvial and 
flood plain sequence consisting of alternating clay and silt 
beds (Rónai, 1972, see Fig. 2). Today, in the stratigraphic 
system, this is called Jászladány Clay Formation. Quaternary 
is underlain by Upper Pliocene carbonate-poor variegated 
clays between 432 and 730 m (Nagyalföld Variegated Clay 
and Kerecsend Red Clay? Formations), which are sediments 
of shallow lakes and flood plains multiply redeposited in a 
dry and warm period. Below 730 m alternating sand, silt and 
clay layers represent the Upper Pannonian (Újfalu Sandstone 
Formation). 
A great number of DTA analyses of this sequence were 
made by Székely in 1965. She has found only illite as clay 
mineral throughout the Quaternary and illite+kaolinite in the 
Pliocene. The first 4 X-ray analyses published from the 
Alföld area were made on samples from this bore hole by 
Rischák (1965, see Rónai, 1972, revised). 
Smectite+illite/smectite and less illite were found in a black 
peaty clay, sample of Middle Pleistocene age at 155 m 
(Jászladány Clay Formation). Much smectite+illite/smectite, 
less illite and chlorite are in two Upper Pliocene samples, in 
a reddish brown clay sample at 684 m (Kerecsend Red Clay? 
Formation, see the X-ray pattern in Fig. 5) and in a grey silt 
sample at 688 m (Nagyalföld Variegated Clay? Formation). 
It was possible to estimate the proportion of smectite (S%) in 
the mixed-layer phase on the ethylene glycol treated patterns 
in all three samples: in falls into the interval 60-100 S% and 
there is a lesser amount between 0-40 S%. Rónai (1972, p. 
54) considered reddish brown clays of Upper Pliocene age in 
the depth interval 670-685 m as "particularly important" 
being analogous with the red clays occurring under the loess 
beds in SE-Transdanubia and in the foothill area of Mátra 
and Bükk Mts. Indeed, high smectite contents are typical 
properties of the red clays both at Jászladány and in the 
localities on the northern margins of the Great Hungarian 
Plain (Kerecsend Red Clay Formation? see the review of 
Viczián, 2002). High smectite contents in Quaternary clays 
indicate probably the importance of the volcanic source rocks 
in the Jászság Basin and in the case of the red clays also the 
climatic conditions. Low carbonate contents are typical in 
Transdanubian red clays of .the upper Tengelic Formation 
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Fig. 3. Characteristic bulk mineral and clay mineral 
assemblages of Pliocene and Quaternary stratigraphic units 
of the Great Hungarian Plain along a cross sections in west -
east direction. Geological data on the South Tisza and Körös 
Basins according to Rónai (1986, Fig. 5). For abbreviations 
of the stratigraphic units and legend of minerals see Fig. 2. 
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Fig. 4. Characteristic bulk mineral and clay mineral 
assemblages of Pliocene and Quaternary stratigraphic units 
across the Maros Alluvial Fan. The section was compiled 
using the geological data of Franyó (1983). For abbreviations 
of the stratigraphic units and legend of minerals see Fig. 2. 
whereas at Visonta variable calcite contents in the red clay 
beds are the result of subsequent pedogenic processes 
(Horváth et al., 2001). In the Upper Pannonian (Újfalu 
Sandstone Formation) there is more carbonate, and clay 
minerals are represented by the detrital assemblage of illite 
and chlorite. 
The borehole Tiszapalkonya-l is located in the Mezőség 
area, in NE continuation of the Jászság Basin (Fig. 2). The 
whole Quaternary sequence is here only 128,2 m thick 
(unpublished report by Tanács, 1986). Only the composition 
of the <2)0, m fraction of 5 Quaternary clay samples was 
determined. Clays are thin intercalations in a generally 
coarse-grained sequence. Lithostratigraphic units were not 
identified, most probably they represent the Jászladány Clay 
and the Nyékládháza Gravel Formations. 
Table 1. Mineral composition of bulk samples of Quaternary and Upper Pannonian formations of various sub-basins of the Great Hungarian Plain 




























Jászladány Clay Qi 1 35 15-20 0-5 35 10 3.5 
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,Jászladány-l 
Kerecsend Red Clay(?) 
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Vésztő Variegated Clay 










Vésztő Variegated Clay 











Vésztő Variegated Clay 































Vésztő Variegated Clay 




























Vésztő Variegated Clay 





























Ql: Pleistocene, Pa2 (PI): Upper Pannonian (Pliocene), Pa2 (M): Upper Pannonian (Miocene) 
smec.: smectite, + Na-s : (Ca,Mg)- and Na-smectite, i/s: illite/smectite mixed-layer mineral, k/s: kaolinite/smectite mixed-layer mineral, calc.: calcite, + Mg-c: in some 
samples magnesian calcite, dol.: dolomite, + Fe-d: in some samples Fe-dolomite 
tr.: traces 
q/fp ratio: quartz/feldspar ratio 
Table 2. Mineral composition of the <2 nm fraction of Quaternary and Upper Pannonian formations of various sub- basins of the Great Hungarian Plain 































































































































































Vésztő Variegated Clay 
















Vésztő Variegated Clay 







10-25 5-10 5-10 70-90 
Kevernies-II'P 
Vésztő Variegated Clay 









5-10* 0-5 0-10; 40-100 
s < 
s Tótkomlós-111/P 
Vésztő Variegated Clay 















° Data not revised. 
Q p Pleistocene, Pa2 (PI): Upper Pannonian (Pliocene), Pa2 (M): Upper Pannonian (Miocene) 
i/s: illite/sniectite, i/s/chl: illite/smectite/chlorite, k/s: kaolinite/smectite mixed-layer minerals 
S in i/s: proportion of smectite in illite/sniectite (%, approximate estimates) 
In cases when kaolinite and chlorite contents fall in the same range, the actual quantitative relations are shown by the signs <, > and ~ 
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reddish brown clay, bulk sample, Kerecsend Red Clay (?) Formation, Upper 
Pliocene. Original analysis by Rischâk (1965, revised), one of the first X-ray 
patterns made of the Quaternary deposits of Great Hungarian Plain. Conditions of 
the measurement: C u K a radiation, N: untreated, EG: ethylene glycol treated 
sample, random powder specimens. Abbreviations of minerals: see Fig. 2. 
The Upper Pliocene Nagyalföld 
Formation underlies unconformably 
the Quaternary deposits (128,2-266,2 
m), which is, in turn, underlain by the 
very thick Upper Pannonian Bükkalja 
Lignite Formation. This latter one is 
not discussed in the present paper. 
From the Nagyalföld Formation 2 bulk 
samples and 3 samples of the <2ja m 
fraction of clay beds were analysed. X-
ray diffraction analysis was made by 
Viczián in 1986. In the bulk samples 
there are low carbonate contents. The 
dominant clay minerals are smectite 
and ill it e while kaolinite and chlorite 
are low. All clay minerals are opressed 
by the unusually high amounts of 
quartz which is probably due to the 
generally coarse-grained nature of the 
enclosing clastic sequence (Table 1). In 
the <2| i m fraction of both Quaternary 
and Nagyalföld Formations, smectite, 
illite/smectite and illite are the main 
components, only little kaolinite and 
chlorite are left in the fine fraction. 
There is more kaolinite than chlorite. 
Kaolinite is disordered in Lower 
Pleistocene (Table 2). Smectite 
proportions in the mixed-layers are 
very variable in the Nagyalföld Fm. 
(60-100 %) and even more in the 
Pleistocene (20-100%). The sudden 
drop in S % values corresponds to the 
erosional unconformity between Upper 
Pliocene Nagyalföld Fm. and 
Pleistocene. 
Alluvial deposits of the South Tisza 
Basin (Csongrád Sand Formation) and 
of the Danube-Tisza Interfluve area 
(Kecskemét Gravel Formation) 
The South Tisza Basin is a N-S 
stretching graben-like structure in 
which the deepest Quaternary basin of 
the Alföld area has developed. The 
thickness of Quaternary exceeds 600 m 
around the mouth of Körös river into 
Tisza (see Figs. 2 and 3). The basin is 
bordered from the west by an eastward 
dipping flank in the interfluve area of 
the present-day Danube and Tisza 
rivers. The thickness of Quaternary 
decreases westward from 650 m at the 
Tisza to less than 50 m at the Danube. 
Lower and Middle Pleistocene 
sediments of the Danube-Tisza 
Interfluve area are mostly represented 
by sand-size (and sometimes gravel-
size) fluvial deposits of the ancient 
Danube river called in the 
lithostratigraphic system Kecskemét 
Gravel Formation. There are a few 
XRD analyses showing the mineral 
composition of the intercalated clay 
and silt sediments from the key 
borehole Kecskemét-1 (Rónai, 1985, 
see Fig. 3). The Quaternary sequence is 
200 m thick. Quaternary is 
unconformably underlain by a thick 
sequence of mostly fine-grained Upper 
Pannonian fluvio-lacustrine sediments 
carried into the basin from NW 
direction (Újfalu, formerly Törtei 
Formation, see Juhász, 1992). 
Variegated clays of Pliocene age are 
missing here, pelitic sediments are of 
grey colour both in Quaternary and 
Upper Pannonian. 
X-ray data of the bulk rock and 
<2|a m fraction composition of the 
whole sequence were determined by 
Viczián (1980, revised), published and 
interpreted in the C. Sc. Thesis of 
Gheith (1981b). The bulk samples in 
the entire sequence have a very 
uniform composition: major clay 
minerals are illite and chlorite, there 
are less smectite and illite/smectite, 
relatively much feldspar minerals: K-
feldspar and plagioclase and 
carbonates: calcite and dolomite in 
nearly equal amounts. Kaolinite is 
practically absent. There is relatively 
much feldspar, the quartz/feldspar ratio 
varies typically between 1-2 in the 
sandstone and 2-3 in the clay (Table 1). 
This indicates immature sediments, the 
sandstone contains much lithic grains. 
The quantity of quartz - and 
correspondingly the amount of the rest 
of minerals - clearly varies with the 
dominant grain size, there is about 50 
% quartz in sand and 20-30 % in silt 
and clay. Most carbonate minerals are 
detrital grains. According to Gheith 
(1981b) the <2 |am fraction is 
dominated by illite, while other clay 
minerals, smectite+illite/smectite, 
kaolinite and chlorite are little. Chlorite 
is normally more than kaolinite. This 
composition strikingly contrasts with 
that of any other Quaternary alluvial 
sediment from the Alföld. It was, 
however, not possible to revise these 
data during the writing this report 
because the original X-ray patterns are 
lost. 
The overall mineral composition 
can be considered as typical of the 
sediment load of the Palaeo-Danube. 
Very similar compositions were 
reported from recent bottom sediments 
of the Danube in Austria (Kralik and 
Augustin-Gyurits, 1994) and at 
Bratislava (Konta, 1993). According to 
Konta, detrital dolomite is typical in 
the sediment load of Danube but absent 
in other rivers coming from the 
Bohemian Massif and from the 
Western Carpathians. In conclusion, 
Gheith (1981b, p. 179) stated that "the 
composition of sediments from 
Kecskemét can be directly related to 
the local erosion of sedimentary and 
metamorphic rocks and represent more 
reworked sediments". 
The borehole Csongrád-1 explored 
a similar coarse-grained fluvial 
sequence, but with a considerably 
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279.60 m, light grey calcareous siltstone, <2 |am fraction, Csongrád Sand 
Formation, Lower Pleistocene. Original analysis by Viczián (1979, revised). 
Conditions of the measurement: C u K a radiation, N: untreated, EG: ethylene glycol 
treated sample, 350 °C: heated at 350 °C for 2 hours, oriented specimens by the 
smear-on-glass method. Abbreviations of minerals: see Fig. 2. 
thicker Quaternary (650 m), than in the 
well Kecskemét-1 (see Figs. 2 and 3). 
Here the predominantly sandy 
succession (Csongrád Sand Formation) 
contains numerous gravel beds. The 
same types of sediments continue 
downwards in the Pliocene (Újfalu 
Formation, see Rónai, 1986, Figs. 4 
and 5). The sediments were transported 
by river channels of the Palaeo-Danube 
from NW direction in Late Pliocene 
and Early Pleistocene times. 
Volcanogenic heavy minerals in 
Middle and Upper Pleistocene sands 
show more northern affinity similar to 
the deposits of the recent Tisza river 
(Gheith, 1982). No variegated clay 
occurs in this basin. Intercalated silt 
and clay layers were investigated by 
XRD. Bulk samples, the <2 jam 
fraction and - for experimental reasons 
- also the <5 jxm fraction were studied 
(Viczián, 1979, published by Gheith, 
1982, revised). 
Similarly to the Kecskemét-J 
borehole, the bulk samples along the 
whole sequence have a very uniform 
composition: major clay minerals are 
illite and chlorite, there are less 
smectite and illite/smectite and 
occasionally kaolinite. K-feldspar and 
plagioclase are somewhat less 
abundant than at Kecskemét, there is 
less feldspar in the samples containing 
kaolinite. The quartz/feldspar ratio 
varies typically between 1 and 4 (Table 
1), higher values indicate a certain 
degree of alteration. The sediments are 
rich in carbonates, both calcite and 
dolomite are present, microscopic 
observations have shown that the 
sediments are "enriched in detrital 
carbonate minerals" (Gheith, 1981b). 
The <2|a m fraction contains much 
smectite + illite/smectite and discrete 
illite, while kaolinite and chlorite are 
invariably low throughout the whole 
Quaternary and Pliocene section. The 
001/001 basal reflection of the 
expandable minerals ranges from 10 to 
14 A, the maximum is at about 12 Á 
indicating that the majority of the 
expanding phases is mixed-layer 
illite/smectite of high but variable 
smectite proportion (S %). S % values 
were determined on the glycolated 
specimens. Two broad maxima were 
found, one at about 0 to 20 % and 
another between 40 and 100 % 
smectite proportions. Glycolated and 
heated samples show that there is also 
smectite/chlorite interstratification. 
Other minerals in the <2|i m fraction 
have normal sharp basal reflections 
(Fig. 6). The composition of the <5JJ. m 
fraction does not differ from the <2)x m 
fraction except that it contains slightly 
more illite and chlorite and slightly less 
kaolinite and smectite+illite/smectite. 
Chlorite is nearly equal to kaolinite in 
the <2)0. m fraction and more than 
kaolinite in the <5)J. m fraction, 
showing that kaolinite enriches in the 
finest grain fraction. 
Usually these types of mixed-layer 
illite/smectite minerals are interpreted by 
pedogenic origin. Samples interpreted by 
micromineralogic analysis as being 
inherited from volcanic areas, do not 
display any systematic difference in the 
clay mineral composition, compared to 
the terrigeneous sediments of the Palaeo-
Danube. 
Alluvial fan of the Maros river (Vésztő 
and Nagyalföld Variegated Clay 
Formations) 
The Maros river alluvial fan 
occupies the SE part of the Great 
Hungarian Plain. The facies of 
Quaternary and of underlying Upper 
Pliocene is variegated clay (Vésztő and 
Nagyalföld Formations, respectively), 
similarly to the Körös Basin, however, 
here the thickness of the formations is 
lower and the facies is more sandy. 
The samples taken from the fine-
grained varieties of sediments were 
investigated in three water exploratory 
wells (Fig. 4). 
In the well Pusztaottlaka-I/P the 
thickness of the Quaternary is 369 m, 
from here until the bottom of the well 
at 500 m, there are beds of Upper 
Pliocene (369-448 m) and Upper 
Pannonian (below 448 m) age (Franyó, 
1983). 26 clayey and sandy siltstone 
samples were taken. The colour is 
partly grey, partly grey with yellowish 
brown spots. X-ray diffraction analyses 
on the bulk samples were made by 
Viczián (1979, unpublished data). Clay 
minerals are smectite, illite/smectite, 
illite and chlorite. Kaolinite is 
normally absent, however, there is an 
interval in the middle of Pleistocene 
where there is systematically about 5 
% kaolinite. In this bore hole the value 
of the cation exchange capacity of the 
bulk samples was determined, 7-10 
mol.10"3/100 g (=15-20 meqv./100 g) 
which mostly depends on the smectite+ 
illite/smectite complex. Exchangeable 
cations are about ¥x Ca, 'A Mg, V4 Na 
and little K. 
I 
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Other minerals display systematic differences between 
Quaternary and Pliocene: quartz varies between 20-40 %, 
determining the quantity of the rest of phases. There is about 
5 % K-feldspar in the Quaternary and missing in Pliocene, 
similarly, plagioclase contents are higher in Quaternary than 
in Pliocene. The reason of this distribution is perhaps 
stronger feldspar weathering in Pliocene. The dominant 
carbonate is calcite. Quaternary bulk samples are carbonate-
poor (calcite 0-5 %, sometimes magnesian calcite, but the 
concretions consist of pure calcite). Pliocene samples are 
richer in calcite and siderite. 
Data relating the <2 |im fraction were published by 
Viczián (1982). Contrary to the typical differences in the 
bulk composition, the proportion of clay minerals is 
practically the same throughout the section: the only 
dominant phase is smectite+illite/smectite, while illite, 
kaolinite and chlorite are present in low but nearly constant 
amounts. The smectite proportion of the expanding phases 
varies between 70 and 90 %. One systematic variation seems 
to be clear: Quaternary sediments contain chloritic 
interlayers in the mixed-layer structure while Pliocene 
mixed-layers are of the illite/smectite composition only. The 
overall character of the clay fraction resembles more the 
Danube river sediments of the South Tisza Basin than those 
of the Körös and Jászság Basins. 
Another borehole investigated in detail in the course of 
the same water exploration project was Kevermes ll/P. 
According to Franyó (1983), the thickness of the Quaternary 
is 320 m, there are beds of Upper Pliocene (320-489 m) and 
Upper Pannonian (below 489 m, until the bottom of the well 
at 500 m). A total of 31 samples were taken from the 
Quaternary and Pliocene interval. The rocks are alternating 
variegated siltstone indicating palaeo-weathering and humic 
clay of swamp horizons. X-ray diffraction analyses on the 
bulk samples were made by Rischák (1980, revised), thermal 
analysis by Földvári (1980). The dominant clay minerals are 
smectite, illite/smectite and illite, chlorite is less abundant. 
There is more smectite and illite in the Pliocene than in the 
Quaternary. A few per cent of kaolinite is present in most 
samples, slightly less frequently in the Quaternary. A 
peculiarity of the smectite is in almost every sample, that the 
001 basal reflection splits into two maxima, one at about 12.5 
A and a stronger one at about 15 Á. This can be interpreted 
by the separation of Na- and (Ca,Mg)-smectites. Illite and 
chlorite are generally well crystallised, with sharp basal 
reflections. The highest quartz contents were found in sands 
of riverbed facies. Quartz and plagioclase are more abundant 
in the Quaternary than in the Pliocene, probably because 
slight differences in the grain size of the samples (more silt 
in the Quaternary and more clay in the Pliocene). A few 
percent of K-feldspar is present invariably in most 
Quaternary and Pliocene samples. The sediments are poor in 
carbonate minerals, the total carbonate contents are normally 
below 10 %, consisting mainly of calcite and less abundantly 
of dolomite. Magnesian calcite occurs throughout the whole 
Pleistocene but is missing in Upper Pliocene. Carbonate 
occurs in the sediments as nodules, spots, fill of fine network 
of veins and Mollusc shells. A carbonate nodule analysed 
consists of pure calcite. 
In the <2 urn fraction the dominant clay minerals are 
smectite, illite/smectite and illite, kaolinite and chlorite are 
less abundant (originally analysed by Rischák, 1980, 
revised). The quantity relations are nearly the same as in the 
well Pusztaottlaka-l/P, here illite is slightly higher and 
chlorite somewhat lower. Kaolinite exceeds chlorite. There is 
practically no difference between the composition of the 
Quaternary and Pliocene samples. Smectite proportions in 
the illite/smectites vary in broad ranges, but normally are 
high, up to 100 %. The mixed-layer illite/smectite contains 
chloritic interlayering, as deduced from incomplete collapse 
of the basal reflection to 10 A upon heating to 490 °C. This 
is true in the Pliocene samples, unfortunately, it was not 
determined in the Quaternary, because no heated specimens 
were made. Kaolinite is typically disordered, transitional to 
mixed-layer kaolinite/smectite. Typical weathering products 
are goethite in the Quaternary and anatase in the Pliocene, as 
minor amounts in the <2 pirn fraction. 
The third borehole in the Maros alluvial fan area was 
Tótkomlós-111/P. Geological and stratigraphic relations are 
nearly identical with those of the two previous wells 
(Quaternary: 0-248 m, Upper Pliocene: 248-480 m, Upper 
Pannonian below 480 m, Franyó, 1983). 
X-ray analyses of the Tótkomlós-111/P samples were 
carried out by Rischák (1981, revised), thermal analysis was 
made by Rimanóczy (1981). Unfortunately, neither these 
data were published. The silicate phases of the bulk 
composition show basically the same quantitative relations as 
in Pusztaottlaka-l/P, however, differences between the 
Quaternary and Upper Pliocene are not so clear. As 
compared with Pusztaottlaka-l/P, there is somewhat more 
smectite and illite/smectite and less illite, chlorite and 
plagioclase in the Tótkomlós-111/P samples. Like in other 
occurrences of the Maros Alluvial Fan area, calcite, dolomite 
and siderite contents are low or zero both in Quaternary and 
in Upper Pliocene. 
In the <2 ^m fraction the type and quantity of the clay 
minerals is essentially the same, as in any other borehole of 
the Great Hungarian Plain, however, slight differences can be 
observed which are typical to the Maros river alluvial fan: 
smectite+illite/smectite are somewhat higher and illite lower 
than in other basins. Kaolinite is clearly higher than chlorite 
and there is kaolinite/smectite mixed-layering as indicated on 
broadening of the 001 basal reflection of kaolinite towards 
higher d-values. This kaolinite/smectite mixed-layering is 
more pronounced in the Pliocene than in the Quaternary. The 
smectite proportion in the illite/smectite varies in broad 
ranges, practically between 0 and 100 %, but it is most 
frequently in the range near 100 %. Illite/smectite seems to 
contain chloritic interlayers. This is typical invariably along 
the whole section. The general character of the clay fraction 
indicates even more "weathered" detrital sedimentary 
material, than at Pusztaottlaka-l/P, resembling more to 
Kevermes-lI/P. 
Alluvial deposits of the Körös Basin (Vésztő and Nagy alföld 
Variegated Clay Formations) 
The Körös Basin represents a sub-basin in the SE Alföld 
area where especially thick Quaternary sequences were 
revealed. The dominant rock types are siltstone and clay 
interrupted by layers of sandy riverbed sediments (Vésztő 
Variegated Clay Formation). The formation continuously 
develops from similar formations deposited in the Upper 
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Pleistocene. Original analysis by Szemethy (1978, revised). "Weathered" type 
bulk sample. Conditions of the measurement: see Fig. 6, 400 °C: heated at 400 °C 
for 2 hours. Abbreviations of minerals: see Fig. 2. 
Pliocene period (Nagyalföld 
Variegated Clay Formation). The 
Upper Pliocene beds differ from the 
Quaternary ones only by their more 
lacustrine and marshy and less 
fluviatile character (Fig. 3). 
The core material obtained f rom 
these formations f rom the borehole 
Dévaványa-1 was object of detailed 
petrographic analysis by Gheith 
(1981a). Silt and clay samples were 
taken in 50-100 m intervals of the 
f ine grained portions of the 1100 m 
thick sequence (Quaternary: 0-416 
m). The X R D analysis of the bulk 
rock and of the <2 pirn fraction was 
carried out by Szemethy (1978, 
revised) in the laboratory of the 
Geological Institute of Hungary. In 
the composit ion of the bulk samples 
the clay minerals smectite, illite, and 
chlorite, in lesser amounts mixed-
layer illite/smectite and kaolinite 
occur. There are great d i f ferences 
between two types of mineral 
associations. In the "weathered" 
type samples the basal reflections are 
broad and uncertain, the quantity of 
smectite+ill i te/smectite is nearly 
equal to illite, there is a few percent 
of disordered kaolinite, the 001 basal 
reflection of kaolinite is 
asymmetrically broadened towards 
higher d values indicating 
kaolinite/smectite interstratification. 
There is another type which may be 
called "fresh", in which basal 
reflections are sharp, well 
crystallised illite and chlorite are the 
dominant phases, the quantity of 
expanded phases is low and there is 
no kaolinite. There is a third type in 
the lowermost portion of the Upper 
Pliocene in which smecti te 
disappears and well crystallised 
kaolinite becomes more abundant. 
Among the other minerals of detrital 
origin quartz and plagioclase are 
constantly present while K-feldspar 
occurs only sporadically. Contrary to 
the sediments of Palaeo-Danube in 
the Kecskemét and Csongrád area, all 
rock types are poor in carbonate, 
only little calcite may be found in 
some cases. 
In the <2 ¡am fract ion the same 
clay minerals were found as in the 
bulk rock, however, smectite 
becomes the dominant phase and 
kaolinite appears in nearly equal 
amounts as chlorite, similarly, as in 
the <2 (J,m fraction of Csongrád-1. In 
this borehole both minerals are 
relatively high, compared to other 
localities (Fig. 7). Slight decrease of 
smectite and increase of kaolinite can 
be observed toward the bottom of the 
sequence (see Gheith, 1981a, Fig. 6). 
The maximum of the 001 basal 
reflection of smecf/ie+illi te/smectite 
is in this bore hole at about 14 A. 
Another type of illite/smectite, 
present in lesser amounts, has basal 
reflection in the range 10-14 A. This 
is a difference e.g. f rom the clay 
fraction of the samples of other bore 
holes of the Great Plain where the 
dominant basal spacing is almost 
invariably near 12 A. As determined 
in the ethylene glycol treated 
samples, there are two ranges of 
composit ion of the 
smectite+ill i te/smectite expandable 
complex: one near 100 % smectite 
proportion and another one in the 
range of 20-40 % smectite 
proportion. Pl iocene samples are 
slightly less expandable than 
Quaternary ones. Kaolinite is 
disordered and indicates mixed-
layering with smectite, especially in 
the samples classified as "weathered" 
according to the bulk rock analysis 
(Fig. 7). Another di f ference f rom the 
Csongrád-1 samples is the absence of 
chlorite/smectite interstratification. 
In general, one can agree with 
Gheith (1981b, p. 179) who 
characterised Dévaványa sediments 
as "more mature which were 
deposited during quiet, more stagnant 
water conditions than those in 
Csongrád and Kecskemét". 
Very similar f igures were 
obtained for the bulk mineral 
composit ion of the 1200 m thick 
Upper Pl iocene to Quaternary 
sequence of another key borehole, 
Vésztő-1 (Quaternary: 0-482 rri): 
smectite, illite/smectite, illite, 
kaolinite, chlorite, quartz, plagioclase 
and very little K-feldspar , calcite, 
dolomite, goethite and pyrite (traces 
in some cases). Quartz varies in 
broad ranges, between 30-50(-70) %, 
depending mainly on variations of 
grain size. This sequence seems to 
contain almost exclusively only the 
"weathered" type of the clay mineral 
suite which is reflected in the nearly 
equal ratio of smecti te+il l i te/smecti te 
to illite. No systematic variation in 
the quantity of most detrital minerals 
with depth or stratigraphic position 
can be observed, except variations 
due to grain size in the range of clay 
to f ine sandy siltstone. The clays are 
a lmost carbonate- f ree , however , 
calcite is somewhat higher and 
contains 2 -6 mol % Mg(+Fe?) in 
some Upper P l iocene samples . The 
unpublished X R D analyses were 
made by Viczián (1979, revised) . 
The <2 |J,m f rac t ion was not 
analysed. 
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DISCUSSION 
Considerations on relation of clay mineralogy to 
palaeoclimatic conditions and source areas in the Körös Basin 
It was attempted to find correlation between the 
mineralogy and palaeoclimatic conditions of deposition in 
the Körös Basin. The mineralogical data were compared with 
the results of palynological studies (Miháltz-Faragó, 1982). 
Miháltz-Faragó divided the Quaternary sections into 11 
climatic zones which she identified with the Alpine glacial 
and interglacial periods. Her subdivision was accepted and 
highly estimated in the review paper by Jámbor (1998). The 
samples studied for clay minerals coincide with both warm 
and cold climatic conditions according to the pollen studies. 
However, no systematic variation of the mineralogy with the 
climate could be demonstrated except probably that some 
calcite is typical only in the colder stages while the warmer 
stage samples are carbonate-free. 
An alternative view of the palaeoclimatic conditions 
during the deposition of the Quaternary sequences in the two 
bore holes was proposed recently by Nádor et al. (2000). 
Based on detailed sequence stratigraphic analysis, 
micromineralogical and palaeontological data and 
measurements of magnetic susceptibility, they recognised the 
existence of higher periodicity (100 and 40 Ky) Milankovitch 
cycles in the time interval of the Quaternary in the Körös 
Basin. According to this new model, sandy beds coincide 
well with maxima of magnetic susceptibility and in most 
cases with warm climatic periods. On the other hand, fine-
grained beds may have different palaeo-environmental 
interpretation depending on the prevailing climatic 
conditions. In cold periods, due to low discharge, only fine-
grained dispersed sediments reached the central parts of the 
basin and silts may have been deposited in the river bed 
facies while only fine clays reached the flood plains. On the 
other hand, in warm periods, due to higher discharge, the 
rivers deposited sand in the river bed and silt on the flood 
plain. By the finest resolution, however, in a dm to m scale 
of bed thickness the development of fine grained beds 
depends primarily on autocyclic shift of river bed and the 
effect of climatic variations is shown much more in the 
higher, approximately ten metres scale of the smoothed curve 
of grain size variation. 
Unfortunately, the sampling density is not sufficient to 
check the possible compositional variations during an 
autocyclic or climatic cycle, on the basis of mineralogical 
data available at present. The present considerations are 
based on a very limited number of samples of Quaternary 
age, 6 from the Dévaványa-1 and 4 from the Vésztő-1 
borehole. 
It can be expected that the quartz/feldspar ratio or 
kaolinite contents may vary also in fine-grained rocks 
depending on the weathering conditions on the source area. 
The XRD data on quartz/feldspar ratios of fine-grained 
samples vary in the range 1 to 11 (Table 1). The most 
frequent values are at Vésztő 5 to 6 and at Dévaványa 2 to 4, 
i. e. the q/fp ratio of X R D analyses varies in the same range 
and probably in the same sense as the quartz/(feldspar+rock 
fragments) ratio in sandstones of the Vésztő-1 borehole as 
determined by micromineralogical observations (Nádor et al. 
2000). In the same time the palaeoclimatic interpretation may 
be discouraged by the fact that the same magnitude and range 
of variation of the quartz/feldspar ratio may be observed in 
the Quaternary as in the Upper Pliocene parts of the sections 
when a more balanced and less variable climate prevailed. 
The conclusion is much more plausible that for a long period 
of time a more mature material was deposited at Vésztő-1 
than at Dévaványa-1, independently of eventual climatic 
fluctuations during deposition. 
Another discouraging aspect is the high degree of 
homogeneity in the mineralogical record in the <2 (am 
fraction throughout the whole sections of the two boreholes 
(Fig. 3). Even kaolinite contents are remarkably constant in 
the Dévaványa-1 borehole, irrespective of eventual climatic 
variations. The remarkable fact that detrital clay mineral 
patterns may be highly independent on palaeoclimatic 
conditions was observed recently e. g. in the Mesozoic of 
England (Jeans et al., 2001). Similarly, Alcalá-García et al. 
(2001) have found that clay mineralogy of detrital sediments 
is more dependent on geodynamic factors than on palaeo-
climate or facies of deposition. What is promising, however, 
it is the difference found between the "weathered" and 
"f resh" types of clay mineral assemblages in the Körös Basin 
Quaternary. Systematic comparison with other 
palaeoclimatic indicators would be necessary to check the 
correlation with these types of clay assemblages. 
Similarly to the climatic variations, not much of the 
eventual variations of the source areas is reflected in the clay 
mineral record and bulk composition of the fine-grained 
sediments. Minerals of the Dévaványa-1 borehole were 
interpreted by Gheith (1981a,b) as detrital depending on the 
source area, illite being derived from weathering of 
metamorphic rocks and smectite from volcanic rocks. This 
latter might be probably true for the major part of smectites 
because volcanogenic smectites should be discrete smectite 
phases and, indeed, 100 % smectite proportions are here the 
most common expandable types. There is, however, no much 
correlation with the eventual change of the source areas. 
According to micromineralogical analysis, the source 
area of the Körös Basin sediments was generally the Apuseni 
Mts. f rom which the sediments were transported alternatively 
f rom NE-E and SE directions. Heavy minerals indicate 
predominantly metamorphic and redeposited Tertiary 
sedimentary rocks. In addition to these sources northern 
volcanic areas contributed material mostly in later periods of 
Quaternary at Dévaványa (Thamó-Bozsó and Kercsmár, 
2000). The composition of the pelitic rocks does not reflect 
these variable source areas and remains uniform throughout 
the section. 
The essential uniformity of the detrital material derived 
f rom the source areas was shown also by isotope 
geochemical studies. According to the study of the 
isotope ratio of the formation waters Varsányi (2000) 
concluded that in the Körös Basin this ratio is systematically 
different from the ratio observed in the Danube-Tisza 
Interfluve area and South Tisza Basin, reflecting different 
source areas of the sediments. Sediments of the Körös Basin 
have lower 8 7 S r / 8 6 S r 
isotope ratios and, consequently, are 
derived f rom younger formations than those coming from the 
catchment area of the Danube river. These ratios and the 
corresponding source areas, however, remained essentially 
unchanged over the long time period from Late Miocene to 
Pleistocene. 
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The reason of this uniformity lies probably in the more 
averaged nature and slow speed of the development of the 
weathering crust which is one of the main sources of the 
peiitic material in the areas of denudation. Judging from the 
composition of the basin-filling material, the mineralogy of 
this weathering crust in the Apuseni Mts. may be similar to 
that of the Tengelic Formation in the. Transdanubian area. 
Another source of the basin filling may be the redeposition of 
various Tertiary sedimentary rocks around the Apuseni Mts. 
which themselves may have rather uniform clay mineral 
composition. This can be identified partly with a frequently 
occurring chlorite-rich heavy mineral assemblage. The 
provenance of this assemblage was uncertain in the 
interpretation of the micromineralogical data but it was 
pointed out that Pannonian sediments commonly have 
similar chlorite-rich heavy mineral composition (Thamó-
Bozsó and Kercsmár, 2000). 
Similar observations were made by comparing Alpine 
source areas with Tertiary sediments in the South German 
Molasse Basin (Viczián, 1984), where a more uniform clay 
mineral assemblage was observed than it might be expected 
from heavy mineral studies. It was shown, however, that 
probably more accurate measurements of structural 
parameters of micas may reveal differences in different 
metamorphic source rocks. 
Diagenesis of iron minerals in the variegated sediments of 
the Great Hungarian Plain 
Vary-coloured sediments of the Great Hungarian Plain 
with typical yellowish rusty spots give good insight into the 
repartition and transformation of iron minerals after 
deposition. 
In deeper zones of the borehole Csongrád-1 traces of 
siderite and pyrite show the reduced state of iron. Gheith 
(1982) observed that in higher levels most of the Quaternary 
fine-grained "samples have stained patches of limonite". 
This, however, does not appear in the X-ray record. 
The typical rusty yellow and reddish spots correspond to 
traces of goethite in borehole Dévaványa-1 in the Körös 
Basin area. The high ferric/ferrous iron proportions (2:1 to 
5:1) in the chemical analyses show the oxidised state of the 
peiitic sediments (see Fig. 4 of Gheith, 1981a). It is more 
clearly seen in the borehole Vésztő-1, than in Dévaványa, 
that rusty spots may be attributed to the iron mineral goethite, 
especially in the Upper Pliocene part of the section. In the 
Upper Pliocene also iron-containing calcites may occur. 
Variegated clays from the Kornádi-1 borehole were 
investigated by Rischák (1984). The samples were taken 
from the deeper part of the sequence (Upper Pliocene 
Nagyalföld Formation, see Fig. 3). The studies were focused 
to the genesis of the red spots. In the red parts of the samples 
the iron minerals goethite, lepidocrocite and siderite were 
identified by XRD, thermal (Rimanóczy, 1981, see Rischák, 
1984, Table 2) and chemical analysis. Ferric iron is derived 
of pyrite by the oxidation of sulphide to sulphuric acid, 
migration of ferrous ions to the spots in a local scale, 
precipitation of ferrous carbonate and finally oxidation and 
precipitation in form of ferric hydroxides. Bulk mineral 
composition remains unchanged during this process and is 
practically identical with that of the two other boreholes 
studied in the Körös Basin. 
In the water exploratory well Pusztaottlaka-I/P in the 
Maros alluvial fan area Upper Pliocene (Nagyalföld Fm.) 
samples may contain much siderite (0-10 %, in some cases 
up to 25 %, according to the quantitative determinations of 
Földvári by thermal method). Siderite and traces of pyrite 
indicate reductive marshy environment. No crystalline 
goethite was indicated by the XRD, however, "limonite" was 
identified in the deeper Quaternary and higher Pliocene 
samples by thermal analysis. This indicates that poorly 
crystallised iron(lll) hydroxide of the higher zones is 
replaced by reduced iron carbonate in the. deeper horizons of 
the Pliocene Nagyalföld Fm. 
On the other hand, in the well Kevermes-II/P iron 
carbonates, such as Fe-containing dolomites and traces of 
siderite occur in the upper 120 m zone of Quaternary. 
Crystalline goethite in the bulk samples appears only in the 
Upper Pliocene, however, in the <2 |am fraction it can be 
traced also in the Quaternary. 
The relation among iron minerals in the water exploratory 
well Tótkomlós-III/P is the same as in Pusztaottlaka-I/P: 
Almost no crystalline goethite was indicated by XRD but 
"limonite" was frequently identified by thermal analysis in 
the Quaternary sediments, indicating that iron hydroxides are 
partly amorphous or poorly crystallised. Siderite occurs 
sporadically in the Quaternary but it is a more common 
component in the Upper Pliocene. Siderite may be identified 
both by thermal analysis (0-15 %) and X-rays (in one 
sample: 10 %, commonly 0-5 %). In organic-rich dark 
sediments also pyrite occurs. 
The reduction of iron (III) minerals and the simultaneous 
desorption of arsenic compounds (possibly arsenite anions) 
from the surface of iron (III) hydroxides is closely related to 
the formation of arsenic groundwater in the area of the 
Maros alluvial fan (Bartha et al., 1999, 2000) and other areas 
of the Great Hungarian Plain (Csalagovits, 1999). 
Possible illitisation in palaeosols 
Tanács and Viczián (1995) observed increase of the 
variability of the smectite proportions in the mixed-layer 
illite/smectites of fluvial and continental sediments and 
palaeosols in the upper part of the Upper Pannonian (Pliocene) 
and in the Pleistocene, as compared to underlying lacustrine or 
marine Pannonian deposits. As it was shown in the present 
review, smectite ratios may vary in the same sample within 
broad ranges, sometimes between 20 and 100 %. 
Tanács and Viczián (1995) considered to be not probable 
that this high variability of the smectite ratios in the highest 
levels is related to burial diagenesis. Most probably it is due 
to palaeo-pedological processes of illitisation during subaerial 
exposure of the sediments immediately after deposition. 
Details of these processes are, however, not yet clear. 
Diagenesis of clay minerals, water-rock interaction 
Thermal data were published by Rónai (1985, Fig. 334, p. 
367) in a geological cross section of the Körös Basin, 
crossing the wells Szarvas, Dévaványa and Vésztő. The 40 
°C isotherm runs in the depth interval of 400-500 m and the 
60 °C isotherm in the depth interval of 800-1000 m. On the 
other hand, data from the whole Pannonian Basin show that 
the burial diagenesis of illite/smectites starts at temperatures 
somewhat higher than 60 °C (Viczián, 1994). This means 
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that diagenesis of the expanded clay minerals caused by 
thermal effects cannot be expected in the Quaternary, even in 
the deepest basins. 
In this zone the main controlling factor of diagenesis is 
the interaction of the sediments with the flowing 
groundwater. The chemical reactions between water and 
solid phases modify the original composition of both the 
waters and of the enclosing sediments. In the following it 
will be attempted to compare data related to groundwater and 
solid phases, and to find evidence in the. mineralogical 
analyses supporting the results of hydrogeochemical 
calculations. 
There are hydrogeochemical studies on interaction of 
formation waters with young sediments in various parts of 
the southern Great Hungarian Plain (see review papers by 
Varsányi and Ó.Kovács, 1994 and Varsányi, 2000, 2001). 
Unfortunately, there are no similar detailed studies yet 
available from other parts of the Pannonian Basin. Based on 
earlier studies of Erdélyi (1979), Varsányi et al. (1997) and 
Varsányi (2000) came to the important conclusion, that water 
flow systems developed above the Lower/Upper Pannonian 
lithostratigraphic boundary. Under this boundary there is a 
completely different water regime with practically stagnant, 
concentrated NaC!-NaHCC>3 type waters. 
Above the Lower/Upper Pannonian boundary two main 
water flow regimes were separated. The lower one, a 
regional-scale water flow regime in the Upper Pannonian 
(Upper Miocene, "Pontian M3P0" of Varsányi, 2000, 2001) 
is less well known from geóchemical point of view. Water-
rock interaction was especially well studied in the upper 
intermediate-scale water flow regimes that comprise the 
Upper Pliocene and Pleistocene sediments of the southern 
Great Hungarian Plain. As shown in Tables 1 and 2 and in 
Figs. 2, 3 and 4, the majority of the samples reviewed in the 
present paper belongs to this upper water flow regime. 
The Danube-Tisza Interfluve Area and the western part of 
South Tisza Basin represent the recharge area of the 
groundwater flow regime where the chemistry of the water is 
controlled by dissolution of calcite and dolomite and by 
irreversible solution of albite in an open system. The other 
controlling factor is the Na ion exchange for Ca and Mg on 
clay minerals. The ion exchange came to equilibrium with 
the present composition of groundwater, the clay minerals 
contain Ca and Mg exchangeable cations (Varsányi, 1989a,b, 
1991, Varsányi and Ó.Kovács, 1997). Two boreholes 
reviewed in this paper, Kecskemét-1 and Csongrád-1 are 
close to the northern boundary of this area. Chloritic 
interlayers in the expandable structure (Fig. 6) may reflect 
the adsorption and fixation of Mg ions in the interlayer 
space. High detrital calcite, dolomite and feldspar contents 
provide sufficient material for dissolution. Calcites and 
dolomites in the Kecskemét-1 borehole proved to have nearly 
ideal stoichiometric composition by X-ray analysis. 
The Maros alluvial fan is a similar flowing groundwater 
system, in a similar geological setting (Varsányi, 1989a,b). 
This is reflected in the similar character of the clay mineral 
assemblage. Flow direction is from SE to NW. The recharge 
area is mostly beyond the state borders. The wells Kevermes-
ll/P and Tótkomlós-111/P are situated closer to the recharge 
area and the well Pusztaottlaka-I/P closer to the discharge 
area. The main chemical reaction that may be expected 
according to the hydrogeochemical calculations, is ion 
exchange. This can be probably related to the Na-smectite 
contents of the Kevermes samples and to the dominantly 
divalent exchangeable cations in the Pusztaottlaka samples. 
Chloritic interlayers in the mixed-layer structure occur in all 
three wells, at Pusztaottlaka only in the upper few hundred 
metres. Low carbonate contents and carbonate concretions 
may indicate dissolution and later precipitation of 
carbonates from the flowing groundwater. 
Contrary to the previous two flow systems the Körös 
Basin is a discharge area. The aquifer is filled either with 
stagnant, or very slowly upward flowing water. The 
boreholes Dévaványa-1 and Vésztő-l are situated in the 
central part of the Quaternary basin. According to 
hydrogeochemical calculations dissolution of calcite and 
dolomite resulted in equilibrium between solids and water in 
relation of the ions Ca and Mg in lower levels while 
oversaturation and precipitation of carbonates occurs in the 
upper zones. The mineralogical record shows extremely little 
average carbonate contents and occasionally carbonate 
concretions of non-ideal calcite composition. This is 
probably partly due to dissolution and precipitation by the 
groundwater. On the other hand, no equlibrium composition 
in respect to silicate minerals was achieved according to the 
calculations and additional dissolution of albite proceeded in 
upper levels. In the <2 fraction of Dévaványa samples 
there are 14 Á smectite, kaolinite and mixed-layer 
kaolinite/smectite as well (Fig. 7). The product of albite 
dissolution may be kaolinite and not only smectite as it was 
supposed by Varsányi and Ó.Kovács (2001) and Varsányi 
(2001). 
Hydrochemical data show decrease of Na contents in the 
upper 300 m zone of the Körös Basin. Accordingly] 
adsorption of Na on clay minerals was supposed by Varsányi 
(2000). This does not appear on the smectites studied. Both 
in the boreholes Dévaványa-1 and Vésztő I the d values of 
the 001 basal reflection are at 14 Á, both in the bulk rock and 
in the <2 pirn fraction* invariably in the whole depth interval 
of 0 to 1000 m. 
Because of the upward flow of Lower Pannonian waters 
there is no strict boundary between the Lower Pannonian and 
Upper Pannonian water regimes in the Körös Basin. 
According to Varsányi (2000, 2001) the effect of the upward 
flowing Lower Pannonian water can be traced up to 1000 m 
depth. It is interesting that this boundary coincides with the 
change of the clay mineral composition (less smectite, more 
kaolinite) in the lowermost part of the Dévaványa-1 bore hole. 
A remarkable conclusion of the geochemical calculations 
discussed so far is that in the groundwater flow regime 
comprising the Pliocene and Pleistocene, reactions involving 
potassium do not play any role. On the other hand, according 
to investigations of Eberl (1993) in the Gulf Coast area the 
charge of the smectite layers may be increased by 
substitutions in the silicate layer and K + ions may be 
accumulated in interlayer sites of the high-charge smectite in 
shallow levels, at temperatures below cca. 80 °C. Potassium 
can be enriched in the formation water by dissolution of the 
K-bearing minerals K-feldspar and mica. All that leads only 
to slight gradual decrease of the smectite proportion in the 
mixed-layer structure from about 80 % to 60 %, but this is 
the first important step in the smectite to illite transition. 
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Data on the composit ion of mixed-layer illite/smectites 
published by Viczián (1992) and by Tanács and Viczián 
(1995) f rom 10 bore holes show that similar processes 
proceeded also in the Great Hungarian Plain roughly above 
the Lower/Upper Pannonian boundary. The boundary does 
not sharply coincide with the lithostratigraphic boundary, in 
the same manner as also water regimes may communicate 
across the boundary in the Körös Basin. Data of the papers 
cited and of the present review show, that variable 
composit ion is typical feature of the mixed-layer 
illite/smectites occurring above the Lower Pannonian. The 
composit ion is variable within a single sample and it varies 
also with the subsurface depth. The average smectite 
proportion of the samples drops with increasing depth f rom 
S=80-100 % to 30-50 %. In Lower Pannonian and older 
Neogene sediments illite/smectites are rather uniform within 
a single sample and generally low smectite proportions occur 
(S= 10-50%) . 
These data show that the first main phase of the smectite 
to illite diagenetic transition proceeds above the 
Lower /Upper Pannonian lithostratigraphic boundary, but 
below the Pliocene. What is left, is the Upper Pannonian 
(Upper Miocene, Újfalu and Zagyva Formations, "Pontian"). 
The water-rock interaction in this lithostratigraphic horizon 
is not yet well known, but mineralogical data show that 
dissolution of potassium minerals and fixation of potassium 
ions in the smectitic layers may proceed in this zone. 
Simultaneously, the same "Pont ian" layers are considered by 
Varsányi et al. (1997) as "the main zone of kerogen 
diagenesis", in which the reactions resulting in kerogen 
formation, polymerisation and polycondensation are going 
on. 
CONCLUSIONS 
1. There is a wealth of mineralogical data on the 
composit ion of alluvial sediments of the Great Hungarian 
Plain (Alföld). The composition is basically the same in the 
whole basin: a polymineralic detrital clay mineral suite 
displaying slight systematic regional differences. There is no 
significant difference between the composit ion of various 
stratigraphic horizons in the time interval Upper Pannonian -
Upper Pl iocene - Pleistocene. Neither the clay mineral 
relations, nor the quartz to feldspar ratio differ significantly 
(Tables 1 and 2, Figs. 2, 3 and 4). This is especially 
interesting because it shows that the composit ion of 
sediments was practically independent f rom the highly 
varying climatic conditions. On the other hand, sub-basins 
differ f rom each other for long periods of t ime which is the 
result of the different source areas and shows the importance 
of the palaeo-tectonic setting. 
1.1. The limited number of data f rom the Jászság Basin 
indicate higher smectite contents which is probably the effect 
of the northern volcanic areas. 
1.2. The most " f resh" material, consisting of illite and 
chlorite and of many detrital non-clay minerals, such as 
carbonates and feldspars came f rom the ancient Danube into 
the Danube-Tisza Interfluve area and South Tisza Basin. 
1.3. The composition of the Maros River Alluvial Fan is 
similar to the sediments derived f rom the Palaeo-Danube, but 
it contains less carbonate. Among the clay minerals there is 
much smectite-v illite/smectite and a little kaolinite. 
1.4. Sediments of the Körös Basin have the most mature 
composition, they are almost carbonate-free. Clay minerals 
are less well crystallised, disordered. Typical phases are 
disordered kaolinite, mixed-layer kaolinite/smectite and iron 
hydroxides ( f rom amorphous phases to goethite). The 
dominant expanding phase of the <2 |J.m fraction is here 
discrete smectite while in other basins mixed-layer 
illite/smectites are more frequent . 
2. Correlation may be found between variation of 
chemical composit ion of groundwater f low regimes and 
mineralogy of enclosing sediments. 
2.1. In the Pleistocene and Pliocene horizons of the South 
Tisza Basin and Maros Alluvial Fan water f low regimes may 
cause dissolution of carbonate minerals and albite and ion 
exchange on clay minerals. Secondary carbonate concretions 
and neoformed clay minerals may be precipitated. Ion 
exchange for magnesium and subsequent fixation in the 
interlayer space may produce chloritic interlayers in mixed-
layer illite/smectites. However , decrease of smectite 
proportions in mixed-layers in this zone may be related to 
palaeopedological illitisation rather than to diagenetic 
reactions. 
2.2. In the Pleistocene and Pliocene horizons of the Körös 
Basin interaction of albite with the very slowly upward 
f lowing water regime causes neo formation of pure smectite 
and kaolinite, however no chloritic interlayers were formed 
in this sub-basin. 
3. The first phase of diagenetic illitisation involving 
reactions with potassium-bearing minerals coincides well 
with the water flow regime developed in the Upper 
Pannonian sediments. In this zone smectite proportions drop 
to 30-50 % with increasing depth, however, wide 
compositional ranges are typical throughout the zone. 
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ABSTRACT 
According to the measurements of Surveyor landers and Apollo 17 LEAM experiments a levitating lunar dust cloud appears above the lunar 
surface. We studied the united acts by UV radiation and solar wind from the Sun and the micrometeorite bombardment processes which we 
suggest generate through electrostatic processes an ion-cloud above any dusty (i.e. lunar) planetary surface. This levitating ion-cloud form a 
quasiatmosphere where charged dust particles can take part in different processes. We studied such electrostatic mechanisms of lunar (and 
planetary) dust in an instrumental experimental arrangement of FOELDIX-1. In these studies we concluded that dust particles can agglutinate 
by the alternating process of receiving and loosing charge. We found that during a longer interval in this process the electrostatically charged 
dust particles may produce larger and larger grains. The agglutinating grains also attract and include H 2 0 molecules. As a consequence of 
these recognitions we suggest that considering longer time intervals there is a trend on any dusty planetary surface for composite 
agglutinated particles to be dragged by the solar radiation pressure toward the poles. In the vicinity of poles larger agglutinated particles are 
discharged, fall down and accumulate on the surface. The summary of the application of our model is the suggestion of accumulation of H 2 0 
molecules in the fine dust of the polar regions of planetary surfaces, especially on the Moon. 
INTRODUCTION 
Storm Electricity 
In the late 1930s there were an instrument and experiments 
inside the clouds (In Germany). The instrument was carried up 
to the atmosphere by balloons. In the measurements a 
recording cylinder writing equipment showed that the 
direction of the electric field was alternately changing polarity, 
when the uplifting balloon crossed the cloud. This 
measurement sketched a picture that the shower cloud consists 
of layers with alternating electric field charge. (Later this 
experiment was carried out in a finer equipment in the United 
States.) 
In the early 1940s Simson measured and modelled the 
water droplet processes (disruption, charging, coagualtion) in 
storm electricity ionization processes in terrestrial clouds. A 
water droplet collects small charges in the column where it 
crosses during its falling. The additive summation of the 
charges results in gradually greater and greater charge on the 
surface of the droplets. Finally sparks discharge droplets with 
oppositely charges. But the ion-channel between these 
oppositely charged droplets remains open for a short time. 
Finally lightning uses these earlier channels to form a larger 
and longer ionization channel pathway toward the ground. 
Finally, in their measurements Americans found that there 
is a 50 V/m field strength in the atmosphere. They also made 
hurricane modelling, but no engineering consequences were 
utilized. In these experiments and in electrostatic modelling 
they did not mixed the gas, the dust and the vapor effects 
together with aerosol pollution. (It is important to mention that 
vapour-water droplet-ice system was investigated because of 
the dangerous precipitations, too). 
Early atmospheric electricity experiments in Hungary 
Historical retrospective: Before the First World War 
(1908-1909) there were atmospheric electricity experiments on 
the Adratic Sea, made on the St. Stephen flagship of the 
Austro-Hungarian Monarchy Navy. The experimental 
arrangement consisted of an antenna and a capacitive voltage 
electrometer. The antenna was electrically separated from the 
board by a ceramic insulator, as reported by a navy newspaper. 
In 1958-1961 Simonyi (Budapest Technology University, 
Department of Theoretical Electricity) initiated 4 types of 
complex experiments on atmospheric electricity in order to 
find relations between atmospheric electricity and human 
physiological processes. The experiments, carried out by 
Foldi, were the following: 1) electric field measurements by a 
field-mill type experiment (Foldi et al, 2001), 2) ion-density 
measurements by capacitive way, 3) insulated capacitive 
antenna (+ electrometer) measurements by using a radioactive 
isotope on the top of the antenna, 4) insulated capacitive 
antenna (with D C amplifier) measurements by using an 
electrometer-tube with great resistance. When the instruments 
were built the measurements and registration of the data were 
carried out for a half year continuously on the Budapest 
Technology University, in the tower of the Building of 
Agriculture. The relations between atmospheric electricity and 
human physiological processes were not found at that time, but 
the system of measurements were reproduced and developed. 
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Molecular water on surface in vacuum: the role of the mixed 
system 
In the electron tubes production of Tungsram Factory, in 
1935, Brody and Palocz discovered that on the inner surface 
of the electron tube, even in the case of hypervacuum, a 
monomolecular water molecule layer can be found. This 
molecular water layer considerably destroyed the eff iciency 
of electron tubes and diminished the lifetime of the cathode 
and affected the electron emission of the cathode. In 1957, 
Isreal in the Potsdam Atmospheric Research Institute found 
that the water molecules, which belong to the small negative 
ions, have far longer l ifetime (even with order of magnitudes 
longer) then that of the small positive ions. If in the near 
vicinity of a surface there exists a space charge of electron 
cloud, then the water molecules, (occurring in this cloud) 
will act as if they were negitvely charged. These water 
molecules preserve their charge even if the negative space 
charge ceases. (The average velocity of electrons is far larger 
then the coexist ing water molecules). 
ELECTROSTATIC PROCESSES IN THE LUNAR DUST AND 
FORMATION OF LEVITATING ION-CLOUD ABOVE THE LUNAR 
SURFACE 
Micrometeori te bombardment is a continuous source of 
dust production on the Moon. The distribution of dust 
particles f rom impact may cover the size range f rom 200 
micrometers to the molecular region. The ultraviolet 
radiation of the Sun, (depending on the escape energy for 
electrons) causes strong electron emission f rom the lunar 
surface. Most of the emitted electrons escape the lunar 
surface therefore the lunar surface becomes charged up 
positively (which retards the electron escape and which may 
produce a negative field charge similarly to that of virtual 
cathode in the electron tube). 
Above the negative space charge field of the electron 
cloud a layer of positively charged dust cloud forms in the 
lunar vacuum. That dust cloud consists of ions (ion-cloud) 
coagulated f rom smaller dust particles, which have great 
mass and low velocity. During solar radiation (on the lunar 
day) these larger particles are alternately charged up and 
discharged. In the intervals when they are positively charged, 
they levitate in the near vicinity of the surface (between a 
few decimeters and 1 meter f rom the lunar surface). This 
cloud has been measured by the Surveyor landers and by the 
Apollo 17 L E A M experiments (Criswell, 1972; Berg et al., 
1973; Horanyi et al.; 1998) (Fig. 1). 
With negatively charged water molecule-ions these 
coagulated particles can gradually grow larger and they 
oscillate in the near vicinity of the surface. W e modelled this 
process in the FOELDIX-1 . instrument. In the fol lowing 
cartoon we show the main characteristics of the lunar 
quasiatmosphere, where we can find all the various types of 
particles referred in the coagulation experiments of the next 
section (Fig. 2). 
EXPERIMENTAL COAGULATION OF DUST PARTICLES 
W e studied the production of cosmic dust in an 
electrostatic experiment (Foldi et al, 1999). In this work we 
studied the possibility of the experimental production of 
extrafine dust fraction. W e used a chamber with 2000 X 
1000 X 250 millimeters volume. There were atmospheric 
pressure and laboratory temperatures. T w o systems of 
electrodes were arranged in this space. One operated on + 15 
kV and the other on - 15 kV potential. The electrodes were 
800 mms long, their diameter was 10 mms. In a distance of 
45 mm from each electrodes a 0.1 mm diameter special 
nickel wire was placed. The large electrodes with opposi te 
potential were arranged in a comb like pattern (Foldi et al„ 
1999). 
W e used a power supply which can be varied between 8, 
kV to 15 kV potential. If the system is opened to the f ree air, 
the air molecules begin to move through the instrument, by 
getting constant velocity of 1 meter/secundum along the 
alternating electrodes. 
In the experiments the instrument was in a columnal • 
arrangement, open up and down: on the bottom of the tube 
liquid stirol was placed. The wapor of stirol - together with 
the air - streamed into the space of the instrument. The stirol 
molecules polimerized to resin particles, as a result of their 
going through the alternating potential of electrodes. The, 
coagulated particles have a spherulitic form. Gett ing through 
20 electrodes, the final mass of the coagulated particles was 




Fig. 1. The uprising of a microparticle f rom the lunar surface 
by the effect of the solar U V irradiation 
DUST COAGULATION WITH INCLUDED WATER MOLECULES 
N o w we use the recognition found in electron-tube 
industry that water molecules may retain one negative 
electric charge (Tungsram Factory, Budapest , 1935; Brody 
and Palocz, 1953). On the inner surface of the electron tube, 
in hypervacuum, a monomolecular water molecule layer was 
found. This molecular water layer was negatively charged 
while the glass surface wall was positively charged. As later 
found (Israel, 1957) the negatively charged water molecules 
have very a long lifetime and they do not recombine. This 
lifetime is an order of magnitudes longer, then that of the 
small positive ions. Such charged water molecules can 
survive even the cosmic travel t ime f rom the Earth 's upper 
atmosphere to the surface of the Moon. 
THE SOURCE OF LUNAR WATER MOLECULES 
During full Moon the tail of the Earth (magnetic and 
radiation belts of the Earth) sweep over the Moon. Terrestrial 
magnetosphere tubes retain the escape of charged particles, 
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rom this tube, because for the ionized 
^articles the "wall" of terrestrial 
riagnetosphere tail behaves as a 
•eflecting wall. Together with ionized 
^articles the water molecules, which 
lave one negative electric charge 
adhered to the water molecule) are also 
'eflected on this tube wall. The 
•eflecting force from the wall is: v X B 
where v is velocity, B is magnetic 
nduction) the electrostatic accelerating 
brce is e X E (where e is the electron 
charge unit, E is electric field strength in 
Wm) the acceleration by E is FE Electric 
"orce per molecular mass. 
Reaching the lunar surface the 
legatively charged water particle meets 
he positively charged (from UV 
adiation) dust particles. With charged 
lust particles water molecule forms a 
;omplex coagulated particle. At the 
same time, in the near vicinity of the 
unar surface there exists a space charge 
)f electron cloud, which recharge and so 
leutralize the coagulated particle. But 
this coagulated particle will not remain 
neutral for a long time, and it becomes 
:harged again by the space charge of 
;lectron cloud. This periodic charging 
up and discharge 1) enlarges the 
:oagulated particle, and 2) levitates the 
particle, which will be the object of a 
transporting mechanism moving it 
toward the lunar pole. The step-by-step 
drag by the solar radiation pressure 
toward the poles, where agglutinated 
particles become discharged, results in 
their fall-down, and accumulation on the 
surface. 
DRAG OF COAGULATED DUST 
PARTICLES TOWARD THE POLES 
Let us follow the way of a 
coagulated particle. Start the 
observation at the 45 degrees latitude. 
Three main forces act on this particle: 
gravity, solar wind pressure and 
electrostatic force. The gravity force, 
determined by particle mass and G 
specific gravity, remains constant (a 
good approximation). The solar wind 
pressure force is determined by the 
effective cross section (surface given by 
the diameter of coagulated particle): 
solar wind force is also constant in 
absolute value, but its components 
projected to the gravitational force, 
changes according to the cosine 
function with latitude. The electrostatic 
force is determined by the field strength 
coming from the surface charge of the 
planetary body multiplied by the charge 
1 •• OXTGEN. 2 - HYDROGEN. 3 •• DUST PARTICLE. 4 •• COAGULATED PARTICLE (THIS PARTICLE ! 
INCLUDES WATER MOLECULES). 5 •• SOLAR WIND PROTON, 6 •• ELECTRON EMITTED BY SOLAR UV! 
RADIATION, 7 - W A T E R MOLECULE. 8 •• THE HEIGHT OF THE LUNAR QUASIATMOSPHERE, i 
WHERE COLLISIONS ARE FREQUENTLY OCCURRING, THERMAL PARAMETERS (ESTIMATED ! 
VALUES): 1: 600 K. 2: 5000 K, 3: 400 K, 4: 300 K. 5: 6000 K. 6:12000 K. j 
Fig. 2. The lunar quasiatmosphere has many constituents which alternate between 
charged up and electrically neutral states 
of the coagulated particle. This force is 
oscillating depending on the absorption 
of negative or positive ions. As a result 
of the combined action of the three 
forces the coagulated particle 
periodically sinks or rises to the surface. 
But because the components of the solar 
wind force gradually changes with 
latitude, the tangential component of the 
solar wind pressure force (changing with 
sinus function of the latitude) will drift 
the particle toward the poles between 
two (rising and sinking) oscillations. 
When the particle approaches the polar 
region the local vertical component of 
this force becomes zero (cos 90° =0) 
while the tangential component becomes 
almost one (sin 90°=1). Therefore, if the 
coagulated particle reached the pole, it 
will remain in the vicinity of the pole 
(there is no force to move it out from this 
region). 
CONSEQUENCES OF THE MODEL 
On the surface of the dusty planetary 
body the size distribution of the dust 
particles in the vicinity of the equator 
will not exhibit a gaussian because the 
fine fraction of the dust slowly moves 
toward the poles. 
In the vicinity of a new great impact 
crater the dust produced by sublimation 
from the plasma originally have a 
gaussian size distribution. After some 
time elapsed the size distribution will 
loose the fine fraction because of the drift 
toward the poles. W e suggest that the age 
of the crater can be estimated on the 
extent of lacking fine fraction drifted. 
The coagulated particles - together 
with the accompanying water component, 
- will accumulate in the vicinity of those 
craters (in the planetary polar regions) 
which are always in shadow. 
CONCLUSIONS 
On the basis of Surveyor and Apollo 
observations and theoretical 
considerations we defined a mechanism 
how lunar (and dusty planetary) 
quasiatmospheres may form. This 
quasiatmosphere mainly consists of 
charged dust particles. On the basis of 
our experimental experiences on 
coagulation in an electrostatic tube, we 
proposed a mechanism acting in the 
lunar quasiatmosphere. There the 
coagulation of electrostatically charged 
dust particles may produce larger and 
larger grains. These grains attract H 2 0 
molecules on dusty planetary surfaces 
and continue in growing during time. 
The coagulated particles will be dragged 
by the solar radiation pressure toward 
the poles where they are discharged, 
fall down and accumulate on the 
surface. This electrostatic mechanism 
accumulates H 2 0 molecules on polar 
regions of dusty planetary surfaces in 
craters which are always in shadow. 
1 
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RADIOACTIVE CHARACTERISTICS OF THE LIASSIC COAL OF PECSBANYA AND 
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ABSTRACT 
It is a widely known fact that the Liassic coal mined for more than 200 years in the environs of Pécs-Komló (Mecsek-Mts., South-Hungary) 
represents a higher radioactivity than that of the formation average. Hence, in order to carry out a successful recultivation it is necessary to 
determine precisely the radioactive state of the involved areas and measure the amount of excessive radioactivity affecting citizens. This is 
important especially because measurements of this kind haven't been made in the area before. By performing in situ and laboratory 
" measurements on waste heaps, accumulated over several hundred years, and areas under different stage of mine works the values of total 
gamma-ray activity, the specific activity of rocks building up the area and the concentration of the three most significant natural 
radionuclides (U, Th, K) were determined. 
Based on in situ measurements, both the winter and the summer-time (representing totally different meteorological conditions) gamma-ray 
dose rate distribution map of the Karolina opencast mine, and its vicinity was drawn. The background value of total gamma-ray dose rate, 
based on values measured in the farther environs of the mine was 85-90 nGy/h in the dry hot summer period and 75-80 nGy/h during the 
humid and cold wintertime. On areas still under active mine works the same measurements gave 220% higher results in average, and in terms 
of uncovered waste heaps these values were just slightly lower (150-160 nGy/h). On the other hand, in case of covered waste heaps the 
applied 40-60 cm thick soil cover almost completely absorbs excess activity, thus values received on covered heaps were only 10 % higher 
than the environmental background. 
Gamma-ray spectroscopic measurements have shown that not only U bound to organic material is responsible for increased radioactivity, but 
K and Th as well. The concentration of these later elements proved to be the highest in rocks abundant in argillic minerals. Hence, the 
activity is the highest especially in those rock types which are characterised not only by a high organic material content but argillic mineral 
content too. 
Key words: Liassic coal, gamma ray activity, gamma-ray spectrometry, Mecsek-Mts. 
INTRODUCTION 
Rocks of high organic material content (oil-shales, coals) 
are usually rich in radioactive elements as well. U and Th 
contents often exceed by several times or even by an order of 
magnitude the characteristic world average referred to coals. 
The world average is claimed to be 1-5 ppm and 1-7 ppm for 
U and Th, respectively (Valkovic, 1983; Hof fman , 1988; 
Swaine, 1990, 1997; Eisenbud and Gesell, 1997). 
The radioactive element content of Hungarian coals was 
first examined by Szalay and Földvári parallel to fissile 
material explorations in the country (Szalay, 1948; Földvari, 
1951; Szalay and Földvari, 1951). According to them, the 
fol lowing Hungarian coals proved to represent higher 
radioactivity than the usual value: the Cretaceous coal of 
Ajka; the deposits of Kisgyón, certain deposits in the 
Tatabánya coal basin and the Liassic coal of the Mecsek Mts. 
(Szalay, 1952, Szaláy and Almássy, 1956; Bodrogi et al., 
1959; Upor et al., 1960). In his summarising work Szalay 
states that only those deposits are enriched in radioactive 
elements - primarily uranium - that are located relatively 
close to the denudation zones of still traceable granitoid 
bodies. Based on laboratory research, he explained the 
increased radioactivity - significantly higher than the 
formation average - with the uranium accumulat ing 
character of organic material (primarily humic acids) 
(Szalay, 1952). 
As a continuation of the above studies, the aim of the 
present research is to measure the total gamma-ray activity 
appearing in the Karolina opencast coal mine and in its 
surroundings, and besides, to aid an environmental ly 
successful recultivation by determining the amount of excess 
exposure dose affect ing not just the environment but local 
people as well. 
Preliminary laboratory gamma-ray spectroscopic analyses 
had shown that the sometimes astonishingly high values of 
total gamma-ray activity (250-300 nGy/h) should not be 
caused by the average 1-6 ppm uranium concentration alone. 
Thus, in situ total gamma-ray activity measurements were 
extended to three elements: U, Th and K4 0 . Field results were 
always supplemented by laboratory gamma spectroscopy, 
and the concentration of radioactive elements was controlled 
by the ICP-MS method. 
STUDIED AREA 
Deta i led in situ total gamma- ray act ivi ty analyses were 
pe r fo rmed in the M e c s e k Moun ta ins (South Hunga ry ) , 
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7 km E N E of the reg ion ' s centre , Pécs , 
on samples col lected in the Karol ina 
opencas t coal mine, located west of 
village Pécsbánya . Further samples 
were taken f rom recult ivated and 
unrecul t ivated waste heaps north and 
south of the mine, the ne ighbour ing 
set t lement , and areas not involved in 
mining activity. The minework ing 
condi t ions of the Karol ina opencas t 
mine are presented on Fig. 1. 
The mine explores a Lower Liassic 
sed imentary complex , which conta ins 
18-22 exploi table coal deposi ts , 5 0 - 1 2 0 
cm thick each. T h e waste material of 
the coal depos i t s is c o m p o s e d of 
aleurol i tes of low organic material 
content and arkosaic sandstone. 
METHODS 
Factors de te rmin ing the 
radiological condi t ions of an area (total 
gamma- ray activity, radon 
concentra t ion and exhala t ion, fal l ing 
dust or aerosol activity) are highly 
dependant on meteorological 
parameters . Dur ing the cold and windy 
winter t ime the dust and aerosol content 
of the air is s ignif icant ly lower, and 
dur ing long lasting humid per iods the 
radon exhala t ion of soils and the base 
rock is a lso lower. Meanwhi le , the dry 
and warm s u m m e r t i m e is adequate for 
high dust and aerosol content , and dry 
weather resul ts increased radon 
exhala t ion , too. Hence , when 
examin ing the qual i ty and quant i ty of 
total g a m m a - r a y activity it is necessary 
to repeat the measurements in d i f ferent 
seasons. 
Dur ing total g a m m a dose rate 
analyses regardless of its actual 
componen t s the intensity of g a m m a -
ray was de te rmined , as it is the most 
penetrat ing radiat ion and thus occurs 
everywhere . In situ total g a m m a - r a y 
activity measu remen t s were carried out 
both dur ing s u m m e r - and winter t ime at 
375 locat ions in the Karol ina opencas t 
area and its envi rons mainta ining a 5 0 
x 5 0 m sampl ing grid. T h e 
measu remen t s were m a d e with a 
por table N C - 4 8 3 nuclear analyser 
equipped with a Na l (Th) scintil lation 
detector ( M E V , ND-482) , which 
enabled the required energy-
independent de terminat ion . 
Measu remen t s were made fo l lowing 
the r ecommenda t ions of the 
International Atomic Energy Agency , 1 
m above ground level with a 10 s 
sampl ing t ime. T h e method provides a 
precise result even in terms of c lose to 
background values, still, the 
measuremen t s were repeated three 
t imes in each sampl ing points and the 
final result was the average of these. 
Never theless , on the area of the actual 
mine the very intensive relief inhibited 
the use of a grid when sampl ing , thus 
average values detected above 
boundar ies of d i f ferent rock types were 
applied in order to character ise the area 
of the mine works . 
In situ g a m m a - r a y spect roscopic 
analyses a imed at the measurement of 
the main radioact ive e lements - Th , 
U(Ra) , K - occurr ing in the soil and 
the base rock. Actual ly, in case of 
uran ium the rad ium content of the 
samples was de te rmined , and the 
uran ium content was ca lcula ted 
a s suming a radioact ive equi l ibr ium. It 
is poss ible dur ing g a m m a - r a y 
spect rometr ic measu remen t s to 
de te rmine the concent ra t ion of 
rad ioe lements and rad iaoac t ive 
famil ies , too, by select ively de tec t ing 
the pho tons of d i f fe ren t energy level 
that make up the total g a m m a - r a y 
radiat ion. M e a s u r e m e n t s were carr ied 
out with a N D - 4 8 2 scinti l lat ion 
detec tor at tached to a M E V N C - 4 8 3 
analyser fo l lowing I A E A 
recommenda t ions , i.e. with a p robe 
placed on the ground and due to low 
concent ra t ions with a long measur ing 
t ime (10 min). For increasing the 
prec iseness of the resul ts t w o 
measu remen t s were made in each 
point. 
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The collected samples ' laboratory 
analyses was carried out with a four 
banded nuclear analyser (NP484-P), 
while the control samples were 
processed following the ICP-MS (HP 
7500) method after partial nitric acid 
extraction (using microwave, 40 
minutes, 250 °C) 
DISCUSSION AND CONCLUSIONS 
In situ total gamma-ray activity and 
gamma-spectroscopy 
The measurement of total gamma-
ray dose rate and gamma-ray 
spectroscopy performed on samples 
originating from the Karolina opencast 
mine, surrounding waste heaps and 
village Pecsbanya enabled the 
detection of excess radioactive 
exposure and the determination of the 
environmental background or zero 
radioactivity both of which is crucial 
for launching successful recultivation 
works in the area. Applying the data of 
summer and winter measurements two 
maps were drawn representing the 
distribution of total gamma-ray dose 
rate in the two different meteorological 
periods (Fig. 2, 3). 
The average values of 
environmental background were 
determined on the basis of 30 
measuring points, that were located 
farther of the mine and represented 
areas that have never been involved in 
mining activity and have a different 
rock base but always with a soil cover. 
Thus values during the dry, hot 
summer period were 85-90 nGy/h, 
while at wintertime, when the weather 
is cold and humid the measurements 
gave 75-80 nGy/h. Concerning the 
settlement of Pecsbanya, due to traffic, 
coal transportation and heating the 
average value of total gamma-ray dose 
rate was 95-103 Gy/h. Values 
measured on the territory of the mine 
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Fig. 2. The summert ime distribution of total gamma-ray activity in the area of the 
Karolina opencast mine 
are 220% higher in average than the 
zero dose rate measured in the 
undisturbed environs of the mine 
(Table 1). However, it is notable that 
high total gamma activity concluded in 
terms of the opencast mine is partly 
resulted by the fact that more samples 
were taken f rom above productive coal 
layers, thus measuring points of higher 
radioactivity are slightly over-
represented in the measurement series. 
The mean total gamma-ray activity of 
Table 1. Values of total gamma ray activity in the summer- and winter period at locations of different mining activity 
Total gamma-ray activity (nGy/h) 
Types of mining activity Summer period: Winter period: 
mean max. min. sampled mean max. min. sampled 
Opencast 219 320 121 57 207 334 120 38 
Uncovered, „active" waste heaps 169 247 85 31 154 223 81 31 
Uncovered, planished waste heaps 176 154 205 6 177 205 141 6 
Covered, planished waste heaps 90 112 67 13 85 110 65 13 
Recultivated waste heaps 97 181 76 31 89 131 71 31 
Partly covered waste heaps of burnt 212 247 161 12 171 201 101 12 
Settlement (Pecsbanya) 103 231 56 33 95 185 61 33 
The vicinity of the opencast mine (max. 82 141 52 194 76 131 50 194 
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the opencast therefore is closer to that 
of the uncovered waste heaps but it is 
still higher due to vast coal deposits of 
high radionuclide concentrations and 
aerial dust deposition. Data on gamma-
ray dose rates determined on the 
territory of the open cast, and the 
calculable concentrations of elements 
are presented in Table 2. 
In case of uncovered and/or 
planished waste heaps the value of 
total gamma-ray activity is twice as 
high as the environmental background, 
i.e. 154-177 nGy/h. Nevertheless, on 
permanently recultivated waste heaps 
the 40-60 cm soil cover almost 
completely absorbs the excess 
radiation, and values measured here are 
higher than the environmental zero 
only by 10% (Table 1). 
The precise determination of excess 
exposure affecting nearby living 
people would require the measurement 
of falling dust and aerosol activity, too. 
Total gamma-ray activity measurements 
however suggest that the rate of excess 
exposure on the dwellers of Pécsbánya is 
approximately 15-25%. Based on 
international data, the ratio of the time 
spent inside the dwelling and outside is 
20/80 %. Thus, counting with an 
annual 1800-2200 hours of exposure, 
the dose equivalent of the excess load 
on citizens of Pécsbánya, resulted by 
the additional gamma activity due to 
coal mining, is 20-30 pSv/year. 
However, the calculated dosimetric 
quantities even in case of unreal length 
of exposure are well below medical 
thresholds, still they draw the attention 
to old waste heaps of burnt material 
and the accumulated clinker of the 
power station of Pécs, the recultivation 
of which has not been solved yet. Total 
gamma-ray activity values were far the 
highest (170-210 nGy/h) at these 
locations. 
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Coal 12 77 276 141 396 6 13 1,7 6 4,0 13 1,9 
Argillaceous coal 14 61 298 198 387 5 21 2,2 5 4,9 15 2,3 
Carbonaceous 
claystone 
12 46 312 205 497 6 22 2,3 5 5,3 16 2,2 
Aleurolite 6 17 216 149 326 3 15 2,0 4 3,8 12 2,1 
Sandy aleurolite 7 16 178 123 213 4,5 14 2,2 5 4,2 9 2,2 
Sandstone 8 6 148 111 245 3,5 12 2,0 5 2,7 10 2,1 
B. Kobor et al. 
50 70 90 110 130 150 170 190 210 230 250 
Fig. 3. The wintertime distribution of total gamma-ray activity in the area of the 
Karolina opencast mine 
Gamma-ray spectroscopy The measurements have proved that 
Productive layers occurring on the not exclusively the concentration of U, 
area of the opencast mine and adjacent which shows an average value, is 
waste sandstones and aleurites were all responsible for increased total gamma-
sampled for gamma-ray spectroscopy. ray activity but also the unusually high 
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Table 2. continued 
Gamma-ray Calculated concentrations 
Measuring points dose rate of elements 
(nGy/h) K ( % ) Th(pp U(pp 
Soil cover 69 1,8 3 1,5 
Sandstone (deposit 7) 101 2,2 8 4 
Sandstone (deposit 21) 123 2,3 10 2,5 
Aleurolite (deposit 201 2,4 18 7 
Aleurolite (deposit 7) 156 2,2 16 5,5 
Coal (deposit 11) 181 1,8 29 8 
Coal (deposit 23) 169 2 18 7 
Coal (deposit 25) 212 2,1 27 12 
- compared to the world average - Th concentration of coals 
and K-content of argillites, aleurites and sandstones (Table 
2.). Uranium and thorium content can mainly be related to 
organic material rich coals and carboniferous claystones. 
However , higher Th concentrations can also be detected in 
rocks of relatively low organic material content, but these 
samples proved always to be rich in clayey minerals and their 
grain-size was also small. Thus, the concentration of 
radionuclides (U, Th) is highly determined by clayey 
minerals, i.e. those samples were representing the highest 
specific activity that contained both organic material and 
clayey minerals in a significant quantity (carboniferous 
claystones, clayey coals). In case of certain samples the Th/U 
ratio can even be 7-9 (Table 2). 
Further analyses would be necessary to determine the 
radiological characteristics of the clinker produced in the 
power station of Pécs, which is fuelled with the coal of 
Pécsbánya. Here, even higher values can be expected, since 
radioelements may further concentrate in the ashes of the 
burnt coal. 
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ABSTRACT 
Boreholes deepened in the axis zone of the uplifted Pusztaföldvár-Battonya High (Battonya Unit, Békésia Terrane, Tisia Composite Terrane. 
Pannonian Basin) reached granitoid rocks in the Variscan crystalline basement at a depth of 1000-2000 m. On the basis of trace and rare 
earth elements geochemistry and zircon morphology investigations, the granitoids of the Pusztaföldvár-Battonya High have a peraluminous, 
subalkaline, calc-alkaline character. The studied rocks are S-type, and were formed in a syn-collisional (continent-continent collision zone) 
environment. 
Key words: granite, geochemistry, crystalline basement, Battonya Unit, Tisia Composite Terrane, Hungary 
INTRODUCTION 
The Tisia Composi te Terrane Alpine megatectonic unit 
forms the pre-Neogene crystalline basement of South, 
Southeast Hungary. As an independent unit the Tisia 
Composi te Terrane existed from the Late Cretaceous, when 
its rotation began, till the Early Miocene. Concerning the 
territory of Hungary it involves three large Variscan Terranes 
(Slavonia-Dravia Terrane, Kunságia Terrane and Békésia 
Terrane), all of which are covered by an Alpine overstep 
sequence (Kovács et al., 2000). The Békésia Terrane can be 
divided into four units: Kelebia Unit, Csongrád Unit, 
Ba t tonya Uni t and the Sa rkadke re sz tú r Un i t 
(Szede rkény i , 1984, 1996). T h e c rys ta l l ine mass of the 
Tis ia C o m p o s i t e T e r r a n e is cha rac te r i sed by grani to id 
r anges and an t ic l ine wings of midd le and high g rade 
m e t a m o r p h i t e s . 
In this paper, we concentrate on the granitoid rocks 
located in the characteristic uplift of the basement 
(Pusztaföldvár-Battonya - [PB] High) of the Békésia Terrane 
(Battonya Unit) - Tisia Composite Terrane (Pál-Molnár et 
al., 2001) by presenting trace and rare earth elements 
geochemistry and zircon morphology investigations. 
According to Buda (1996), the granitoid rocks have a 
compound crustal-mantle origin, and formed in a degrading 
plate boundary environment, therefore, the S-type origin is 
mixed with a certain degree of I-type granitoid origin. At 
Bat tonya-Mezőhegyes the magma of the abyssical plutonic 
body was slightly compressed upwards due to an "in situ" 
melting in the late kinematic phase of the Variscan 
Orogenesis. As a result of this, a slight contact zone 
developed (Szepesházi, 1969; Szederkényi, 1984; Kovách et 
al., 1985). 
Petrological and main element geochemistry 
investigations (Pál-Molnár et al., 2001) have shown that the 
granitoid rocks of the available Battonya Unit boreholes can 
be considered of similar character on the basis of their 
compos i t ion . T h e main rock fo rming minera l s of the 
s tudied samples are: quar tz ± or thoc lase + microc l ine + 
plagioclase fe ldspar (a lbi te-ol igoclase) ± biot i te + 
muscovi te . Accessory c o m p o n e n t s are apati te , z i rcon, 
monac i te and less f requen t ly t i tanite. Thei r modal 
compos i t ion refers to that of syenograni tes , monzogran i t e s 
and granodior i tes . On the basis of their major element 
geochemical composit ion the studied rocks are subalkaline 
and calc-alkaline syenogranites, monzogranites and 
granodiorites with a peraluminous character. From a 
tectonical aspect the studied rocks are of orogenous , syn-
collisional, continental collisional origin (CCG). Most of 
the characteristics of the Battonya Unit samples indicate that 
they are S-type granitoids. 
SAMPLING AND ANALYTICAL METHODS 
The research was based on samples stored in the rock 
collection of the Department of Mineralogy, Geochemistry 
and Petrology, University of Szeged. The following boreholes 
were examined: Battonya-48, 63, 72, Battonya-K-9, 11, 13, 
14, 17, 18; Dombegyháza-DNY-2; Kunágota-1, 2; 
Mezőhegyes-13, 15, 18, 19, 20; Mezőhegyes-K-1. The 
samples are drill-cores, and both their number and quantity are 
very limited. 
The trace and rare earth element composi t ions of 
samples representing the main rock types were determined 
with an atomic emission spectrometer ( ICP-AES) at the 
Universi ty of Stockholm. 
Three samples of the examined granitoid rocks [ÁGK-
1610-es (Mezőhegyes-19), ÁGK-1318 (Kunágota-1), ÁGK-
1816-os (Battonya-48)] were chosen for the separation of 
zircon crystals on the basis of previous petrological analyses. 
After the separation process the zircon crystals were 
examined by SEM. 
Table 1. Trace and REE compositions of the examined samples of Ba t to ryaUni t . 
AGK- AGK- AGK- AGK- AGK- AGK- AGK- AGK- AGK- AGK-1315 AGK- AGK- AGK- AGK- AGK- AGK- AGK- AGK-
1816 1835 1837 1846 1848 1849 1850 1853 1854 1317 1318 1603 1605 1609 1610 1612 1613 
- Battonya Battonya Battonya Battonya Battonya Battonya Battonya Battonya Battonya Dombegyha Kunagot Kunagot M ezoh. M ezoh.- Mezoh.- Mezoh.- Mezoh. Mezoh 
-48 -63 -72 K-9 K-ll K-13 K-14 K-17 K-18 zDNY-2 a-2 a-1 -13 15 18 19 -20 K-l 
1174- 1029- 1136- 1058- 1046- 1069- 1075- 1052- 1079- 1350-1352 1908- 1797- 1184,5- 1194- 1220- 1180- 1184- 1328-
1176 m 1034 m 1137 m 1060 m 1050 m 1071m 1077 m 1075 m 1082 m m 1911m 1804 m 1190 m 1198 m 1220,8 1182,5 1186 m 1330 m 
m m 
Ba 619,3 450,7 290,3 685,2 405 418,8 613,1 344,9 769,3 301 859,1 279,6 622,6 382,8 568,2 241,7 741,1 404,2 
Be 1,63 4,73 5,28 2,42 2,83 3 1,91 2,59 3,22 4,41 3,27 3,94 2,01 2,15 1,07 2,27 0,82 4,02 
Co 4,49 2,14 4,12 3,35 4,89 5,15 3,45 2,91 4,13 6,5 8,99 2,61 4,2 8,6 5,24 6,55 4,23 4,52 
Cr 5,2 9,6 4,5 7,1 11,8 12,9 7,6 11,1 6,7 118,7 18,6 3,7 7 17,9 4,3 26,2 4,2 4,6 
Cu 9,85 18,83 15,03 31,85 33,72 35,64 36,59 18,29 41,03 25,12 23,53 28,51 22,42 23,44 36,39 34,09 14,96 42,19 
Ga 18,85 15,21 19,23 18,09 19,73 18,61 18,81 18,16 16,83 19,71 29,13 17,4 14,59 22,37 22,08 20,42 16,32 16,75 
Hf n/a 2,29 n/a 3,39 3,69 3,89 3,21 3,23 2,98 0,51 n/a 2,39 n/a 0,44 4,77 1,28 0,48 3,75 
Mo n/a 2,5 n/a 3,17 2,4 1,64 0,65 0,79 2,21 n/a n/a 3,69 n/a n/a 2,74 n/a n/a 1,27 
Nb 5 6 9,8 8,6 12,1 8,9 8,6 8,5 9,2 8,5 8,3 5,4 6,1 8,9 8,2 9,8 3 5,8 
Ni 5,09 6 3,16 4,6 7,4 7,1 4,3 5,7 5,2 15,06 13,75 4,3 5,97 9,67 3,9 19,48 4,58 6,1 
Pb 23,8 16,7 15,77 17,6 11,3 9,5 195 11,7 20,4 11,54 19,88 39 22,64 10,85 5 19,81 17,02 11,9 
Rb 294,5 280,2 417,7 256 219,6 241,4 203,2 211,3 284,6 257,7 402 333 231,8 239 238,5 227,7 318,8 189,5 
S 13,71 253,22 33,53 179,69 352,07 348,77 129,69 76,29 194,93 84,78 62,22 62,79 32,21 75,57 327,62 34,44 56,69 88,29 
Sc 4,1 2,3 4,39 3,6 4,5 4,5 4,1 3,9 2,9 7,74 7,58 3,4 4,82 8,29 3,5 9,84 4,38 3.1 
Sr 132,3 192,2 121,2 277,3 188 204,9 318,4 168,8 269,8 255,1 113,2 109,4 205,6 170,5 266,6 222,6 138,2 218,2 
Ta n/a 1,493 1,869 n/a 0,809 n/a n/a n/a n/a 1,284 n/a 0,416 n/a n/a n/a n/a n/a n/a 
Tb n/a n/a 0,176 n/a n/a n/a n/a n/a n/a 0,313 0,443 n/a n/a 0,616 n/a 0,816 n/a n/a 
V 17,38 12,1 17,1 27,8 34,3 35,3 32,9 29,8 23,7 34,86 49,1 10,9 21,75 62,84 49,9 50,09 16,72 27,8 
Y 7,4 8,3 11,1 8,5 11,2 8,9 9,8 8,6 7,7 13,9 6,4 10,3 10,8 9,1 7,1 29,9 9.3 6,8 
Zn 42,24 36,58 40,63 48,7 51,88 49,89 51,94 46,34 54,21 56,92 103,72 225,49 41,69 101,3 60 73,49 51,82 44,24 
Zr 107,5 69 60,5 115,2 121,4 135 123,8 113,4 110,2 166,7 114,9 53,5 112,2 201,4 182 200,7 164,2 139,1 
Ce 42,82 33,44 25,55 57,19 65,61 64,79 66,39 51,27 59,85 59,39 68,61 31,21 35,2 88,75 90,75 69,95 65,92 47,42 
Dy 1,42 1,97 1,64 2 2,53 2,21 2,39 2,05 2,15 2,46 1,64 2,37 2,02 1,78 2,04 4,52 2,29 1,78 
Er 1,94 2,12 2,34 2,24 2,75 2,4 2,42 2,53 2,21 3,2 2,64 2,19 2,17 2,95 2,69 5,05 2,09 2,35 
Eu 0,51 0,581 0,354 0,813 1,019 1,015 1 0,788 0,916 0,792 0,798 0,474 0,545 0,73 1,273 0,846 0,675 0,881 
Gd 4,1 2,3 2,87 4,66 5,61 5,66 5,13 4,63 4,82 6,09 7,83 3,51 3,8 7,58 6,59 8,39 5,17 4,5 
La 19,16 13,69 n/a 26,26 29,98 30,53 30,45 23,36 29,8 28,52 34,95 13,8 17,73 43,1 42,37 34,83 28,15 20,61 
Lu 0,429 0,338 0,416 0,515 0,589 0,595 0,579 0,546 0,463 0,651 0,738 0,469 0,489 0,812 0,594 0,974 0,385 0,537 
Nd 12,18 7,64 4,54 16,84 20,15 21,39 21,58 14,67 19,76 19,69 24,76 8,09 9,76 29,39 33,04 25,28 21,31 13,64 
Sm 4,94 3,71 3,4 5,52 6,64 6,59 6,58 4,97 6,05 6,49 7,19 3,39 4,1 7,43 8,45 7,87 6,75 4,97 
Yb 0,43 0,46 1,03 0,424 0,633 0.477 0,477 0,415 0,302 1,08 0,23 0,683 0.86 0,57 0,115 2,87 0,39 0,246 
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Fig. 1. Zircon saturation temperatures vs. T i 0 2 (A) and S i 0 2 (B) according to the 
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Fig. 2. Tectonic discrimination diagrams of samples: (A) after Whalen et al. 
(1987), and (B), (C) after Pearce et al. 
TRACE AND RARE EARTH ELEMENT 
GEOCHEMISTRY 
Eighteen samples of the Battonya 
Unit were analysed with respect to 
their major element (Pál-Molnár et al., 
2001), trace element and rare earth 
element (REE) composit ions (Table 1). 
On the Harker ' s variation diagrams 
for trace elements (not shown) the 
patterns of the plotted samples are not 
as regular as it is in the case of major 
elements. Ni, Cr, V, Zn, Zr and Ga 
decrease with increasing S i 0 2 . Y and 
Nb contents are more or less constant. 
Sr shows a slight increase, while Ba 
and R b are scattered. However , Ba 
decreases with increasing CaO, and the 
Sr vs. CaO diagram shows an inverse 
relation too. 
W e found some differences in the 
pattern of samples originating f rom 
different areas of the Battonya Unit. 
Nb/Ta ratio indicates heterogeneity in 
the studied samples, as it ranges 
between 4.02 and 14.96. Ce/Yb (24.4-
789.1) and Ce/Nb (2.6-22.0) ratios 
represent a wide range, while the 
Ba/La ratio varies f rom 1.96 to 2.44. 
The fractionation trend is quite clear on 
the basis of trace elements as well. It 
seems that samples f rom the 
Mezőhegyes area are less fractionated. 
Zircon saturation temperatures 
were calculated (after Watson and 
Harrison, 1983) in order to determine 
accurate temperatures at which zircons 
formed. Values of T s range between 
708-828 °C. However , these results 
seem to be slightly high. A reason for 
this can be that the inherited cores of 
zircons might have crystallised under 
different conditions than the examined 
samples, and this way increased Ts 
values can be received. Ts values can 
also be characterised with a 
differentiation trend shown by the Ts 
vs. S i 0 2 and T i 0 2 diagrams (Fig 1). 
The most fractionated samples have the 
lowest Ts value and the least 
fractionated ones represent the highest. 
On the basis of discrimination 
diagrams for trace elements, the 
studied samples plotted in the field of 
orogenic granite type (OGT) 
(unfractionated I and S-type granites) 
and syn-collision granites (Fig. 2), 
which correspond to the results of 
tectonic discrimination given by major 
elements (Pál-Molnár et al., 2001). 
In multi-element diagrams the 
examined samples show a similar 
pattern, with Ba, Nb, Hf, Ti and Yb 
depletion and enrichment in other 
LILE and L R E E (Fig. 3). 
The total R E E contents are 
moderate or low, varying between 0.12 
and 90.75 ppm. The R E E contents of 
the studied samples and their ratios 
normalised on chondrite (Masuda et al. 
1973) are summarised in Table 1. On 
the basis of these ratios the examined 
granites are enriched in the LREEs, 
since the (La/Lu)ch ratio ranges 
between 3.05 and 7.57. The R E E 
spider diagrams (Fig. 3) represent 
similar features: the LREEs slightly 
decrease and reflect the (La/Sm)c h ratio 
(2.31-3.64). Furthermore, the H R E E s 
display a more or less flat pattern 
which is marked by the low values of 
the (Gd/Lu)c h ratio (0.84-1.65). 
Nevertheless, these diagrams can be 
characterised by negative Nd, Eu, Dy 
and Yb anomalies. 
The value of (Eu/Eu*)c h represents 
the degree of fractionation: the highest 
value is 0.56 and belongs to the least 
f rac t iona ted sample ( Á G K - 1 8 3 5 ) , 
whi le the most f rac t iona ted s ample 
has the lowest value (0 .29) ( Á G K -
1605). Thus , the average (Eu/Eu*) c h 
value of the Bat tonya area is s l ightly 
smal ler than in the samples of the 
M e z ő h e g y e s area. The Eu anomal i e s 
are indicat ive for p lagioclase fe ldspar 
f rac t iona t ion , however , plot ted 
samples in the d iagrams of 
(Eu/Eu*) c h vs. S i 0 2 and C a O are 
rather scat tered (Fig. 4). The re is not 
any clear trend among the samples . 
H o w e v e r , Ba increases with 
(Eu/Eu*) c h , which can be caused by 
po tass ium fe ldspar f rac t iona t ion . 
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Fig. 3. Chondrite normalized (Masuda et al., 1973) REE-patterns and mult ielement plots for the Battonya Unit granite 
ZIRCON MORPHOLOGY 
INVESTIGATIONS 
Zircon crystals are transparent, 
colourless or slightly pink, brownish 
red. Zoning and opaque inclusions are 
also characteristic. Almost 250 
granules were analysed for identifying 
different morphological types. The 
identified classes correspond well to 
the expected character of zircon 
population, which was predicted on the 
basis of main rock forming and 
accessory minerals. Therefore, the 
morphological classification of zircon 
crystals provides the location of zircon 
population in the typology diagram 
(Pupin, 1980). The most frequent types 
of zircon in the examined population 
are S17, S12, S22, S21, S10, S18, S7, 
S6, S4, S2 (Fig 5). Based on the 
present investigation, it can be claimed 
that the studied granites plot neither to 
the field of alkali nor to that of 
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Fig. 4. Variation diagrams on (Eu/Eu*)c h vs. S i 0 2 and CaO 
thoeliitic granites. It is highly probable 
then that they are closest to the 
subalkaline, calc-alkaline series. 
CONCLUSIONS 
Based on trace and rare earth 
elements geochemistry, petrographical 
characteristics and main element 
geochemistry (Pál-Molnár et al., 2001), 
and considering also the results of the 
zircon morphological investigations, 
the granites of the PB High are of 
uniform character. They are 
peraluminuous, subalkaline, calc-
alkaline granitoids of high K-content . 
On the basis of trace e lement 
distributions, a fractionation d i f ference 
can be detected in terms of P B High 
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Fig. 5. Morphological types of the zircon population in the examined rocks (SEM images) 
Geochemistry and origin of the Battonya Unit granitoids 69 
samples. In this sense the samples of the Mezőhegyes area 
are less fractioned. 
The studied rocks are S-type, and were formed in a 
sycollisional (continent-continent collision zone) tectonical 
environment. 
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ABSTRACT 
Re-examination of mineral composition of Gy6d Serpentinite Body is accounted for by the different results in literature. On the base of 
qualitative and semiquantitative XRD determinations, the main phases of the examined rocks are mostly serpentine minerals (30-60 %), talc (10-
?0 %) and chlorite (10-20 %). Chrysotile (20rd symmetry orthochrysotile) and lT-lizardite could have been analysed surely in several 
samples. The amount of dolomite, quartz, olivine and spinel reaches 10-20 % in several samples; however, these are generally minor phases 
ogether with calcite and orthopyroxene. Olivine (F090.91) and orthopryroxene (Eng8.93) composition and also Cr# of spinels suggest that the 
examined rocks are the partial melting residua of a mantle source material. On the base of spinel composition, we assumed that the Gy6d 
Serpentinite Body was probably formed in an island-arc environment. 
Key words: harzburgite, serpentinization, mineral chemistry, Tisia Unit. 
INTRODUCTION 
In Southern Transdanubia field magnetic, aerogamma and 
leromagnetic investigations indicated strong magnetic 
inomalies in the crystalline basement and, subsequently, 
some of these anomalies were penetrated by boreholes 
boreholes of G - 2 and H e - 1 , - 2 ) . These resulted in the 
discovery of a serpentinized body in the region of Gyód (Fig. 
1) and Helesfa. In the 1970s and 1980s more detailed 
research was carried out on the Gyód Serpentinite to identify 
its mineralogy and geochemistry. In these studies different 
mineral composit ions of Gyód Serpentinite Body were 
determined f rom which different conclusions were drawn in 
the point of view of ultramafic protolith and its alteration 
processes. On the basis of X-ray diffraction analysis Erdélyi 
¡1970) determined numerous minerals (Table 1) of the 
serpentinized peridotite. Szederkényi (1974) and Ghoneim 
¡1978) claimed that the protolith of the serpentinite must 
have been pyroxenite or lherzolite or dunite. According to 
Papp (1989) the most frequent serpentine minerals are 
[izardite, chrysotile and polygonal serpentine. Balla (1980, 
1985) established that the chemical composition of Gyód 
:>ody is harzburgitic, and stated a multi-step metamorphic 
ivolution path of it. 
The aim of this paper to re-examine t h e - mineral 
i m p o s i t i o n of the Gyód Serpentinite Body in order to 
letermine the type of protholith and know more accurate the 
ivolution of this body. 
METHODS 
The X-ray powder measurements were made at the 
Department of Earth and Environmental Sciences at the 
University of Veszprém using a Philips P W 1710 type 
diffractometer with a P W 1730/10 generator, a PW1050/70 
type goniometer, a graphite single crystal monochromator and 
a proportional counter detector. The instrumental 
parameters of the measurements were CuA'a X-ray source, 
40 mA tube current, 50 kV tube voltage, 1°-1° slit system, 
0.035°/s velocity of goniometer. Bulk samples were measured 
on disoriented specimens. <2 |J.m fraction was separated by 
sedimentation after dissolution of C a C 0 3 by 10% acetic acid 
and ultrasonic deflocculation. X-ray diffraction analysis of clay 
minerals was performed on oriented specimens made by smear 
on glass method. Two X-ray diagrams were taken on each 
samples of <2 |J.m fraction: one under natural, air-dried 
conditions, one after saturation with ethylene glycol. 
E M P analyses were performed in the Laboratory for 
Geochemical Research, Hungarian Academy of Sciences 
using a JEOL JCXA-733 electron microprobe equipped with 
an Oxford INCA 200 EDS. Operating conditions were 15 
keV accelerating voltage, 4 nA sample current, and 100 s 
counting time. The P A P correction procedure was applied for 
data preparation. 
Mineral chemis t ry da ta was ca lcula ted by M I N P R O G 
compute r p rogram wri t ten by Sz. Harangi (Eötvös 
Universi ty, Budapest ) . For spinel Fe 2 + -Fe 3 + calculat ion 
D r o o p ' s equation (1987) was used. 
X-RAY POWDER DIFFRACTION INVESTIGATIONS 
From the whole drilling sequence of Gyód-2 borehole 
twelve samples were chosen for X-ray powder diffraction 
(Table 2). Qualitative and semiquantitative determinations 
were carried out on whole samples and fraction of <2 /xm. 
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The main phases of the examined 
rocks are mostly serpentine minerals 
(30-60 %), talc (10-30% in the samples 
of No. AGK-7004, 7033, 7083/b and 
7084) and chlorite (10-20% in the 
samples of No. 7004. 7033, 7083/b and 
7084) (Fig 2A-D). The amount of 
dolomite can be estimated 10-20% (in 
the samples of No. AGK-7004, 7022, 
7024, 7028, 7029 and 7039). Quartz 
(7022), olivine (7083/b) and spinel 
(7033, 7035) reaches 10-20% in 
several samples, however, these are 
generally minor phases together with 
dolomite, calcite and orthopyroxene. 
The sample No. 400389 contains 
unique components which were not 
detected elsewhere in this well log. It 
consists of mostly chlorite 
(clinochlore), talc and anthophyllite. 
As a minor phases actinolite and 
serpentinite were analysed. 
The determination of multiphase 
serpentine minerals is rather uncertain, 
however, in several samples we can 
analyse surely chrysotile (probably 
20rC | symmetry orthochrysotile) and 
(probably IT) lizardite. Most samples 
consist of more than one serpentine 
mineral, but antigorite was not detected 
in anyone. 
Regarding some uncertainties in the 
determination of phyllosilicates, the 
separated, oriented samples of <2 |xm 
fractions were examined again, which 
represent Mg-chlorite, and swelling 
phase was not detected. On the base of 
peak maxima between 7.06-7.10 A and 
3.48-3.53 A , presence of kaolinite can 
be precluded. 
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Fig. 1. Schematic geomagnetic map of the location of Gyód Serpentinite Body 
(after Barabás et al„ 1969) 
MINERAL CHEMISTRY 
During microprobe analysis we 
tend to determine the chemical 
composi t ions of the relic minerals in 
three samples. Mostly olivine and 
orthopyroxene composed the unaltered 
ultramafic rock. According to the 
pervasive serpentinization, only these 
two primary minerals can be found in 
certain sheared, strongly foliated, 
mylonitized lenses, zones (Fig. 2C, D). 
Other parts of the well log are 
completely serpentinized where olivine 
altered to mesh structure unites, 
pyroxenes and/or amphiboles to 
bastites. 
There are textural and chemical 
differences between Opx of No. ÂGK-
7084 and ÂGK-7083 sample. In the 
No. ÂGK-7084 sample the Opx are 
Table 1. Mineral composition of Gyód Serpentinite body in the earlier studies 
Authors minerals 
Erdélyi, 1970 lizardite, hydrochrysotile, clinochrysotile, chlorite, talc, 
montmorillonite, biotite, muscovite, albite, bytownite, 
clinoenstatite, tourmaline, magnetite, boehmite, diaspore, 
lepidocrocite, brucite, wilkeite, calcite, dolomite, ankerite 
Ghoneim, 1978 enstatite+olivine, lizardite+chrysotile, chlori te+dolomite, 
chromite, magnetite, pentlandite, pyrrhotine 
Balla, 1985 enstatitei, olivine, enstatite2 , anthophyllite, talci, 
magnetite, , antigorite, talc2, carbonates, magnetite2 , 
chlorite, Cr-magnetite, chrysotile. lizardite 
more elongated and larger (up to 
several cm) than in the No. AGK-7083. 
The NiO content (mean value: 0.15 
wt%), CaO content (0.11 wt%) is 
higher, and M n O content (not 
determined) is smaller in AGK-7084 
than in the AGK-7083 (Table 3) where 
NiO and CaO are not determined, M n O 
is 0.3-6.3 wt%. The FeO content is the 
same in the samples, ca. 6-7 wt%. T h e 
Mg# is higher in the ÂGK-7083 (0.96-
1.0) while 0.91 in the AGK-7084 . 
Orthopyroxenes are enstatite 88-92%. 
Olivine composit ions are rather similar; 
there are not any significant differences 
between the studied samples (F091.92). 
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Table 2. Results of XRD analysis - abbreviations used after Kretz (1983) 
sample sample description major components minor components or uncertain analyses 
ÄGK-7004 whole rock: white-greenish matrix chl, tic, liz, dol cal (?), qtz, kin (?) 
ÂGK-7022 white lamellar cast dol, qtz, chry mgs (?) 
ÄGK-7024 greenish-brownish vein dol, chry liz (?), qtz 
ÂGK-7028 complex vein: green srp and white fibrous cast chry, dol qtz 
ÂGK-7029 white fibrous vein chry, dol -
ÀGK-7031 light green, yellowish vein chry liz (?) 
ÀGK-7033 whole rock chry, liz, tic, chl, spl cal, dol (?), kin (?) 
ÂGK-7035 whole rock chry, liz, spl chl, dol, qtz 
ÀGK-7037 elongated, columnar bastites chry, liz spl, dol 
ÂGK-7039 whites grey massive crystalline cast dol, liz spl 
ÂGK-7083/b relic ultramafite chl, tic, ol opx, spl (?), chry (?), liz (?), kin (?) 
ÂGK-7084 whole rock liz, chl, tic opx, dol (?), mgs (?), spl (?), kin (?) 
400389 whole rock chl, tic, ath act, srp 
abbreviations: cal: calcite, chl: chlorite, chry: chrysotile, dol: dolomite, spl: spinel, kin: kaolinite, liz: lizardite, mgs: magnezite, 
ol: olivine, opx: orthopyroxene, qtz: quartz, tic: talc, srp: serpentine minerals, ath: anthophyllite, act: actinolite. 
Fig. 2. Photomicrographs of studied samples (abbreviations are the same than in Table 2) 
Table 3. Chemical composition of examined pyroxenes 
sample 7083B 7084 7083 
Opxl Opx2 Opx3 Opxl Opx2 Opx3 Opxl Opx2 Opx3 
MgO 36.95 36.67 36.36 37.41 37.03 36.79 36.32 36.98 36.47 
AI2O, 0.00 0.10 0.38 0.24 0.25 0.00 0.00 0.09 1.06 
S i0 2 56.06 55.78 55.56 55.93 55.99 56.46 56.34 55.78 55.52 
CaO 0.12 0.05 0.15 0.11 0.17 0.13 0.00 0.00 0.14 
Ti02 0.00 0.05 0.10 0.00 0.07 0.00 0.19 0.00 0.19 
v2o3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cr 2 0 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.35 
MnO 0.00 0.00 0.32 0.00 0.00 0.00 0.27 0.25 6.28 
FeO 6.87 7.35 7.13 6.31 6.37 6.62 6.88 6.91 0.00 
NiO 0.00 0.00 0.00 0.00 0.12 0.00 0.00 0.00 0.00 
Sum 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.01 100.01 
\ 
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Table 3. continued 
sample 7083B 7084 7083 
Opxl Opx2 Opx3 Opxl Opx2 Opx3 Opxl Opx2 Opx3 
cation numbers on the basis of 6 oxygens 
T site 
Si4+ 1.9165 1.9105 1.9049 1.9063 1.9120 1.9308 1.9328 1.9071 1.8980 
A1IV 0.0000 0.0039 0.0153 0.0096 0.0100 0.0000 0.0000 0.0035 0.0427 
total: 1.9165 1.9144 1.9202 1.9159 1.9220 1.9308 1.9328 1.9106 1.9407 
Ml site 
Ti4+ - 0.0013 0.0026 - 0.0018 - 0.0048 - 0.0048 
Ni2+ - - - - 0.0033 - - 0.0094 
Mg2+ 1.0000 0.9987 0.9974 1.0000 0.9949 1.0000 0.9952 1.0000 0.9858 
total: 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
M2 site 
Mg2+ 0.8828 0.8734 0.8608 0.9004 0.8900 0.8752 0.8620 0.8846 0.8724 
Fe 0.1963 0.2104 0.2044 0.1798 0.1819 0.1893 0.1973 0.1976 -
Mn2+ - - 0.0093 - - - 0.0078 0.0072 0.1818 
Ca2+ 0.0043 0.0018 0.0054 0.0039 0.0062 0.0047 - - 0.0050 
total: 1.0834 1.0856 1.0799 1.0841 1.0781 1.0692 1.0671 1.0894 1.0592 
iCAT#: 4.0563 4.0580 4.0571 4.0599 4.0546 4.0465 4.0418 4.0614 4.0477 
OXNUM: 5.9164 5.9138 5.9152 5.9111 5.9189 5.9308 5.9375 5.9088 5.9288 
mg#: 0.91 0.90 0.90 0.91 0.91 0.91 0.90 0.91 1.00 
end-members for pyroxenes 
Ka - - 0.9300 - - - 0.7838 0.7200 18.3952 
CaTi - 0.1801 0.5200 - 0.3600 - - - 0.5059 
Di 0.4300 - 0.0200 0.3900 0.2600 0.4700 - - -
En 88.2800 87.3749 86.0800 90.0400 89.0000 87.5200 86.6158 88.4600 81.0989 
Fs-En 11.2900 12.4450 12.4500 9.5700 10.3800 12.0100 12.6005 10.8200 -







Enstatite Enstatite Enstatite Enstatite Enstatite Manganoan 
Enstatite 
The Mg# number of olivines is 0.91 
(Table 4). General occurrence of 
plagioclase, clinopyroxene and 
amphiboles were not pointed out. 
Although completely serpentinized 
amphiboles can be seen as bastites, so 
these cannot be identified. However, 
fresh amphiboles can be found only in 
two samples. First, tremolite (Fig. 2A) 
occurs together with talc in the 
alteration rim of enstatite. Second, 
unaltered anthophyllite and actinolite 
was found only in a special location, 
near an aplite dyke. 
Spinels can be characterised with 
high Cr203 (about 39.7-40.2 wt%) and 
high Fe content (Table 5.), relatively 
low Ti0 2 (0.9-1.3 wt%) and MgO 
component (2.6-3.8 wt%). On the base 
of Fe3+, Al3+, Cr3+ triangular diagram, 
these spinels fall into the field of 
ferrichromite (Fig. 3). According to the 
nomenclature of Stevens (1944), these 
spinels can be called ferrian chromite. 
The average spinel compisition of the 
examined samples can be given by the 
following order of the end-members: 
Chr58.12, Mag25.56, Mfe6.2i, Spi446, 
Qua2.98, C0U0.91, Jaci.75, respectively. 
Cr# [Cr#=(Cr/(Cr+Al)] and Mg# 
Table 4. Mineral chemistry of olivines in studied samples 
sample AGK-7083B AGK-7084 
oil ol2 ol3 ol4 oil ol2 ol3 ol4 
MgO 51.68 52.32 51.61 51.64 51.75 51.07 50.85 51.31 
A1203 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 
Si02 39.04 38.81 38.11 38.48 38.84 38.76 38.60 38.75 
CaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ti02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
V203 0.04 0.07 0.05 0.18 0.06 0.16 0.21 0.00 
Cr203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
FeO 8.97 8.50 9.30 9.25 9.16 8.89 9.49 9.37 
NiO 0.27 0.30 0.93 0.45 0.14 0.88 0.66 0.12 
Sum: 100.00 100.00 100.00 100.00 99.99 99.76 99.81 99.55 , 
olivine cation numbers on the basis of 4 oxygens 
Mg 1.8920 1.9130 1.9030 1.8980 1.8960 1.8800 1.8750 1.8890 
Al - - - - 0.0010 - - -
Si 0.9590 0.9520 0.9420 0.9490 0.9550 0.9570 0.9550 0.9570 
Ca - _ _ _ _ 
Ti - - - _ 
-
V p r 0.0010 0.0010 0.0010 0.0040 0.0010 0.0030 0.0040 
1 
Mn _ _ 
Fe2 0.1840 0.1740 0.1920 0.1910 0.1880 0.1840 0.1960 0.1930 
Ni 0.0050 0.0060 0.0180 0.0090 0.0030 0.0170 0.0130 0.0020 
inCAT 3.0410 3.0470 3.0570 3.0490 3.0440 3.0410 3.0430 3.0429 
End-members for olivines 
Fa: 8.87 8.35 9.18 9.13 9.03 8.90 9.47 9.29 
Fo: 91.13 91.65 90.82 90.87 90.97 91.10 90.53 90.71 
Mg# 0.91 0.92 0.91 0.91 0.91 0.91 0.91 0.91 
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[Mg#=Mg/(Mg+Fe)| of spinels show a 
small compositional variety, ranging 
from 0.91 to 0.94 and from 0.14 to 0.20. 
During examination of opaque 
minerals pentlandite (Fei8.73Ni33.52 
C00.63S46.82) was analysed in which other 
iron sulphide (pyrrhotite, or pyrite) 
component phase was pointed out (Fig. 
2E). Magnetite grains compose the 
boundary (central parting) of mesh cell 
and rim the sulphide phases (Fig. 2F). 
DISCUSSION AND CONCLUSION 
Pervasive serpentinization caused 
alteration of primary minerals and 
formation of chrysotile, lizardite, talc, 
Mg-chlorite, quartz, magnetite and 
carbonates. Anthophyllite was formed 
probably by thermal effect of an aplite 
dyke because it occurs exclusively close 
to it. Consequently, serpentinization was 
a general process which affected the 
whole serpentinite body, while 
formation of anthophillyte should have 
meant local event. We assume that 
anthophyllite formation followed the 
serpentinization, because of they have 
much more fresh texture than primary 
olivine and enstatite. Probably the 
intruded aplite dyke metamorphosed 
the ultramafic rocks which had already 
been serpentinized. 
Mineral compositions of Gyod 
Serpentinite were determined by X-ray 
powder diffraction and electron 
microprobe. On the basis of the 
composition of relict minerals (F090-91, 
^n9o-92) the unaltered rock should have 
been harzburgite corresponding with 
earlier results (Balla, 1983; Kovacs, 
2000). The high ratio of forsterite 
component in olivine can suggest that 
the part ial me l t ing of a lherzol i t ic 
Protolith resulted this depleted 
residuum. The spinel composition also 
confirms depleted character of the 
studied rocks since Cr# is 0.92-0.94. 
of spinel in lherzolites and 
harzburgites depends mainly on the 
degree of partial melting and the initial 
c°mposition of the melting rocks. On 
the base of literature (e.g. Stevens, 
l 944; Pober and Faupl, 1988) one can 
^'stinguish the less depleted lherzolites 
' rom harzburgites in the sense of Cr# 
o f spinels (Fig. 4). The upper limit of 
C r # in lherzolites are 0.5, and 0.3 is the 
l o w er in harzburgites. The high Cr# 
value of the examined spinels 
re 'nforces the harzburgitic composition 
°f unaltered rock of Gyod Serpentinite. 







































































































































































































































The plots of examined samples fall into 
the metamorhpic spinel field. 
On the base of spinel composition 
the different alpine type peridotites can 
be divided into three groups (Dick and 
Bullen, 1984). The Cr# of the 
examined spinels is greater than 0.6, 
consequently these belong to Type III 
which are refractory and pyroxene-
poor, consisting largely harzburgite 
and enstatite-rich dunite. Previous 
petrographic and geochemical studies 
resulted similar mineral composition 
(Balla, 1983, 1985; Kovács and M. 
Tóth 2000; Kovács, 2000). Type III. 
peridotites are related to the earliest 
stages of arc-formation on oceanic 
crust environments which may be 
preserved in the tectonized material 
found in the forearc regions of many 
modern island-arcs. Most of the 
Alpine-type peridotites are the residues 
of partial melting and the generation of 
magmas in island-arc. 
- ; 
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Fe 3+ 
Cr 3+ Al 3+: 
Fig. 3. Trivalent ion diagram for spinel nomenclature (after 
Stevens. 1944): A, chromian magnetite; B, aluminian 
magnetite; C, ferrian spinel; D, chromian spinel; E, 
aluminian chromite; F, ferrian chromite 
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Fig. 4. Chemical composition of studied spinel plotted on Cr# 
vs. Mg# diagram using compositional field after Stevens (1944) 
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Fig. 5. Chemical analyses of studied spinel in the T i 0 2 wt% vs. Fe3 +# diagram (A), and T i 0 2 wt% vs. Cr# diagram (B). 
Discrimination lines after Arai (1992) 
The TÍO2 content of chromian spinels is useful for 
separating mid-ocean ridge, island-arc and intra-plate basalts 
(Arai, 1992). T i 0 2 content increases f rom island-arc magmas 
through M O R B to intra-plate tholeiitic basalts. Spinels 
derived f rom upper mantle peridotites usually have T i 0 2 
content lower than 1.0-1.2 wt%. On the diagrams of T i 0 2 vs. 
Fe3 +# and T i 0 2 vs. Cr#, (Aria, 1992) (Fig. 5A, B), we 
suggest that the samples related more to island-arc region 
than to intra-plate or ocean ridge environment. This is 
supported by the Type III peridotites character of the 
examined rocks, but further geochemical investigations are 
necessary to verify this statement. 
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PHYSICAL AND CHEMICAL CHARACTERISTICS OF SILICA SAND DEPOSITS 
(WHITE SAND) OF WADI WATIR REGION, SINAI 
IBTEHAL F A T H I A B D E L - R A H M A N 
Department of Geology, Faculty of Science, Suez Canal University 
Ismailia 41522, Egypt 
ABSTRACT 
Preliminary investigation on the silica sand deposits (white sands) of Wadi Watir region shows that they are of well-sorted grain size, 
considerable purity and high grade. They might be suitable for art and domestic glass manufactories. The present paper shows that only 
simple screening must be for upgrading of silica sands. Neither acid treatment of the silica sands nor removal of their content of heavy 
minerals improves the silica sand grade to any extent. 
Key words: glass sand deposits, physical and chemical properties, Wadi Watir, Sinai, Egypt 
INTRODUCTION 
At the request of the new Egyptian 
factories for white sands, a 
comprehensive investigation to look 
for these deposits in Sinai took place in 
last few years. Silica sand deposits are 
widely used in glass and ceramic 
industries. Preliminary estimation 
shows that the Egyptian glass 
industries need more than 1500 tons 
per year of silica sands (Kamel et al., 
1997). Computat ion of silica sand 
reserves has not been completed. 
The present study is the preliminary 
investigation for about twenty 
representative samples as an 
introductory step to do more detailed 
studies in the near future. To determine 
the suitability of the silica sand 
deposits of Wadi Watir region for glass 
industry, physical and chemical studies 
are being carried out. Preliminary 
results indicate that most of these sands 
may be suitable for the manufacture of 
art, domestic and optical glass as well. 
The main goal is to provide a brief 
description of the chemical 
composit ion, grain size and heavy 
mineral content of the silica sands. In 
addition, its chemical composit ion is 
compared with some samples collected 
f rom the present day beach sands of 
Gulf of Aqaba coast. The upgrading 
processes of silica sands through 
laboratory experiments are presented 
and evaluated. 
Khalid (1993) studied the economic 
mineral deposits including; gold and 
Fig. 1. Geological map of Wadi Watir, South Sinai, Egypt. (After Geological 
Survey of Egypt, 1994) 
I. Fathi 
Fig. 2. Naqus Formation underlying Cretaceous rocks, across Wadi Ghazalla 
Fig. 3. Mashrabia structure is the characteristic feature int he sandstones of Naqus 
Formation, Wadi Ghazalla, Southeastern Sinai 
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white sands of the Nuweibe area, south 
Sinai. El Fawal (1994) and Kamel et al 
(1997) shed some light on the 
economic accumulations of these sands 
within the Carboniferous Abu Tora 
Formation, west-central Sinai. Abu 
Shabana (1998) estimated the reserve 
of the glass sands at Abu-Rodeiyim 
and Abu-Heish localities, west-central 
Sinai to about 8 million tons. 
The area under investigation is 
located to the west of Nuweiba city, 
west of the Gulf of Aqaba. It lies 
between latitudes 29° 10' and 28° 55' N, 
and longitudes 34° 17' and 34° 35' E 
(Fig. 1). The silica sand deposits occur 
within the Naqus Formation of Early 
Paleozoic age. The stratigraphic 
definition of Naqus Formation was 
introduced by Said (1971) after Hassan 
(1967) describing a thick siliciclastic 
sequence, attaining 250 m thick. It 
unconformably overlies the Araba 
Formation and is overlained by the 
Malha Formation. Twenty representative 
samples were collected from the Naqus 
Formation that cropping out across 
Wadi Ghazalla, from the south outlet of 
the wadi at the north side of Katherina-
Nuweiba asphaltic road to the north 
direction (Figs. 1 and 2). In the studied 
section the Naqus Formation measures 
70-100 m of white sandstones. They are 
devoid of any organic remains, indicate 
fluvial deposition as reported by Issawi 
and Jux (1982). The lower and middle 
parts of the section are fine to medium 
white, massive and thick bedded 
sandstone with occasional thin bands of 
coarse grained sandstone. The upper 
part of the studied section is mainly 
white to light grey, friable to slightly 
hard, fine grained sandstones. The most 
striking feature distinguishing the 
sequence is Mashrabia structure of 
fenester structure (Fig. 3) and ripple 
marks as well as quartz pebbles which 
distributed randomly or parallel to the 
bedding planes. Ferruginous bands are 
also common. 
Watir area is characterized by some 
big, wide and flat domal structures 
dissected by long faults (Fig. 1) which 
have dominantly strike-slip movements. 
The main faults are meridionally 
directed, commonly hidden by smaller 
faults. Near Aqaba, most of these faults 
have NE and NS trends. N W faults 
(Suez trend) are of less extension. The 
intersection of these set of faults with 
equatorial faults resulted in forming the 
very rugged topography in the 
sedimentary blanket of Watir area as 
along the course of wadi Ghazalla (South 
Sinai water resources project, 1995). 
LABORATORY METHODS AND 
FINDINGS 
Screen Analysis 
The samples are quartered. A 
representative dry sample of about 100 
gms is taken out of each original 
sample. Weighted amount is sieved 30 
min through a set of sieves with opening 
diameters of 2.0, 1.0, 0.5, 0.250, 0.125, 
and 0.063 mm; using sieve shaker. The 
average result of twenty samples is 
plotted on a histogram as shown in 
Figure 4. It shows that the silica sands 
are very well-sorted; more than 90% of 
the grains are with grain size of 0.125 to 
1.00 mm; coarse to fine sand range. 
More than 50% of the grain size is 
within 0.25 to 1.00 mm which is within 
the medium to coarse sand range 
(Table 1A). 
Mineralogical Composition 
The sieved fractions are examined 
under the binocular microscope to 
study their physical and mineralogical 
properties (Table 2). It is observed the 
bulk fractions composed essentially of 
single quartz grains, with few 
polycrystalline quartz grains and small 
amounts of heavy minerals. The 
coarser grains (0.5 mm) are usually 
sub-rounded whereas the finer-grains 
(0.125 mm) are angular. The impurities 
are: heavy minerals, dark-grey 
polycrystalline quartz; in contrast to 
clean white quartz grains. 
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Table 1. Result of screen and chemical analyses of bulk samples and 1.00-0.125 m m fractions of silica sand from Wadi Watir region 
(A) Screen Analyses 
sample no./mm sieve I I I J2L 131 J£L JSL 1 6 1 ILL 1 8 1 JSL 1 1 0 L 













































































(B) Chemical analyses of bulk samples (%) 
sample no./oxides 
L.O.I .% 
S i 0 2 
F e 2 0 3 
T i 0 2 
AI2O3 
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(C) Chemical analyses of chosen 1.00-0.125 mm fractions 
L.O.I .% 
S i 0 2 
F e 2 0 3 
T i 0 2 
AI2O3 








































































Grade**: Based on U.S. specifications, chemical composition only. Tr: < 0 .1% L.O.I. % Loss of Ignition 
Heavy Mineral Analysis 
Bulk samples are subjected to heavy mineral separation 
using Bromoform solution. The heavy fractions are washed 
and dried. Percentage of heavy fractions f rom selected 
samples calculated. It ranges f rom trace to about 0.5%. The 
dominant minerals are opaque minerals, zircon, rutile and 
tourmaline. Zircon ranges in abundance f rom 2 to 10.5%, 
tourmaline f rom 2.5 to 5 .5% and rutile f rom 1.5 to 3.5% by 
weight of the heavy fractions. Biotite, staurolite, epidot and 
apatite found in trace amounts. 
Ï » 
CHEMICAL UPGRADING PROCESS 
Chemical composition of bulk sample and chosen fraction: 
Initially chemical analysis was done on the bulk samples 
by X R F technique. The results of the chemical composit ion 
of ten bulk samples are given in Table IB. It shows that S i 0 2 
ranges f rom 97.53 to 99.38% representing the most abundant 
oxide in the studied samples. F rom visual examination of the 
various fractions under the binocular microscope, it was 
observed that the main impurities distributed throughout 
coarser and finer fractions. Therefore, the analysis of chosen 
fractions might upgrade the silica sands for glass 
manufacture. The chosen fractions are with grain size of 
0.125 to 1.00 mm. Chemical composit ions on the chosen 
fractions for the same samples show a slight improvement of 
S i 0 2 content ( f rom 98.87 to 99.61%) and lower content of 
the undesirable impurities compared with the bulk samples. 
T h e results are shown in Table 1C. 
Chosen fraction free from heavy minerals: 
Although heavy minerals occur in trace amount in the 
silica sand (Less than 0.5%), their F e 2 0 3 content may affect 
the overall grade of the silica sand. Therefore the chemical 
I ' f t 
0.25 0.125 0.063 >0.063 
Grain Size (mm) 
Fig. 4. Grain size distribution in 20 samples of silica sands 
Table 2. Physical and mineralogical properties of the fractions 
+2.00 mm 
+ 1.00 m m 








Sub-rounded white quartz grains, a f ew 
polycrystalline grains and dark-grey rock 
fragments. More than one quartz grains with 
f ine ilmenite embedded. 
Sub-rounded to sub-angular white quartz 
grains. A trace of grey to light-brown 
polycrystalline quartz. Few embedded ilmenite 
grains in quartz. 
Similar to above. 
Angular to sub-angular quartz grains, white, 
very clean. Few grains of dark-grey 
polycrystalline quartz. 
Angular white quartz grains. Trace amounts of 
heavy minerals: iron oxides, ilmenite and zircon. 
Angular, white and pink quartz grains. Minor 
percent of heavy minerals 2%. 
About 5% heavy minerals. Angular quartz grains. 
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Table 3. Chemical analyses of 0.125-1.00 mm fraction of silica sands without 
heavy minerals and acid-treated samples 
(A) Chemical analyses of 8 selected samples after heavy minerals removed 
Sample No. (11) (12) (13) (14) (15) (16) (17) (18) 
Oxides 
L.O.I.% 0.16 0.16 0.17 0.20 0.19 0.21 0.19 0.17 • 
S i0 2 99.02 98.75 98.68 99.60 99.47 98.42 99.31 99.01 
Fe 2 0 3 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.03 
T i 0 2 0.01 0.02 0.03 0.04 0.02 0.14 0.04 0.04 
A1203 0.14 0.12 0.11 0.12 0.13 0.14 0.19 0.21 
CaO+MgO t t t t t t t t 
Grade** 2 2 2 2 2 3 2 2 
(B) Chemical analyses of acid treated of above 6 samples 
L.O.I.% 0.14 0.15 0.11 0.16 0.16 0.18 
S i0 2 98.91 98.71 98.60 99.57 99.45 98.36 
Fe 2 0 3 0.02 0.02 0.01 0.02 0.02 0.01 
T i0 2 0.01 0.01 0.02 0.01 0.01 0.01 
A1203 0.25 0.19 0.16 0.25 0.25 0.16 
CaO+MgO t t t 0.1 t t 
Grade** 2 2 2 2 2 3 
Grade** U.S. specifications, based on chemical compositions, t < 0.01% L.O.I. % 
Loss of Ignition 
Table 4. Specifications for chemical composition for glass sand** 
S i0 2 % A1203 % Fe 2 0 3 % CaO+MgO % 
(Min.) (Max.) (Max.) (Max.) 
1st quality (optical glass) 99.8 0.1 0.02 0.1 
2nd quality (flint containers 98.5 0.5 0.035 0.2 
and table ware) 
3rd quality (flint glass) 95.0 4.0 0.035 0.5 
4th quality (sheet and plate 98.5 0.5 0.06 0.5 
glass) 
5th quality (same) 95.0 4.0 0.06 0.5 
6th quality (green glass, 98.0 0.5 0.3 0.5 
containers and windows glass) 
7th quality (green glass) 95.0 4.0 0.3 0.5 
8th quality (amber glass 98.0 0.5 1.0 0.5 
containers) 
9th quality (amber glass) 95.0 4.0 1.0 0.5 
**Recommended by the American Ceramic Society and the National Bureau of 
Standards (Norton, 1957) 
Table 5. Iron oxide standards set by glass manufactures * 
Product Maximum Fe 2 0 3 % 
Optical glass 0.015-0.016 
Containers (colourless) 0.03-0.04 
Containers (amber) 0.05-0.08 
Plate glass (general) 0.15 
Plate glass (windows) 0.08 
•Reported by Ceramic Industry Magazine (1966) 
analyses were done on eight samples of 
0.125 mm-1.00 mm fraction after the 
removing of the heavy minerals. It was 
carried out to show whether removal of 
the heavy minerals would improve the 
grade of sands or not, in terms of glass 
manufactory. The obtained results 
indicate that the removal of the heavy 
minerals from 0.125-1.00 mm fraction 
does not improve the grade and 
composition to any extent. The results 
are shown in Table 3A. 
Acid treatment of sands: 
Because some of sand grains have 
iron oxides coatings, the treatment with 
acid may be able to dissolve the 
surface films or stains. Six samples of 
1.00-0.125 mm fraction free from 
heavy minerals were immersed in 10% 
hydrochloric acid for 24 hours. The 
results are shown in Table 3B. The 
obtained result shows that acid 
treatment of white sands does not 
intensively reduce the Fe 2 0 3 content. 
General specifications and standards 
for Glass Sands 
Generally, the glass sand is graded 
according to its silica and alumina 
contents. The percentage content of lime, 
magnesia may also taken in 
consideration. Specifications vary within 
certain limits from one glass 
manufacturer to another and also from 
country to another one as shown in 
Tables 4 and 5. For example sands 
containing more than 99.5% Si02 and 
0.1% A1203 are considered of high grade 
and may be suitable for optical purposes. 
CONCLUSIONS 
The results of the grain size, heavy 
mineral content and chemical 
composition of the Wadi Watir silica 
sand deposits (white sands) indicate that: 
1. The silica sand deposits are very 
well-sorted, more than 90% of gains lie 
between coarse to fine sand size range. 
They consists essentially of white and 
clean single, sub-rounded to angular, 
quartz grains. The impurities are 
represented by heavy minerals, 
coloured polycrystalline quartz grains 
and iron oxides occurring in the micro-
coatings. 
2. Heavy mineral assemblage 
includes opaque minerals, zircon, 
rutile, andalusite and tourmaline. 
3. The acid treatment of glass sand 
by dilute hydrochloric acid the removal 
of the heavy minerals not improve the 
grade of silica sands to any extent. 
Simple process of screening may be 
the most effective method of upgrading 
the silica sand and can be applied to 
larger extent on other accumulation of 
these sands. 
4. Most of the silica sand deposits 
of Wadi Watir region are of second and 
third grade according to the U.S. 
specifications (Norton, 1957). They 
can be suitable for the making art 
domestic glass. According to the report 
of the ceramic industry magazine 
(1966), silica sand deposits used for 
making containers must have 0.03-
0.04% Fe203 . In addition the present 
study refers that beach sands from Gulf 
of Aqaba coastal plain are generally 
not suitable for glass manufactures. 
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